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SKRWRPRVDLF ORJV DQG XQLW GHVFULSWLRQV

E 8QLW '"HVFULSWLRQV IRU /RJV RI 7TUHQFK &7 DW WKH
D IRUFRUUHVSRQGLQJ WUHQFK ORJ

D /RJV RI TUHQFK &7 )DXOW =RQH DW 6LWH & 6HH 30|
SKRWRPRVDLF ORJV DQG XQLW GHVFULSWLRQV

E 8QLW 'HVFULSWLRQV IRU /RJV RI 7TUHQFK &D IPW WKH
FRUUHVSRQGLQJ WUHQFK ORJ

(DUWKTXDNH &KURQRORJ\ IRU 6LWH & (DUWKTXDNH FKUR(
WZR WUHQFKHY DW 6LWH & VKRZV LQWHUSUHWHG SDOH
DIIHFWHG VWUDWLJUDSKLF KRUL]JRQ@RV 4BFH HRIG/ WVRWNDKLHQY

/&, SBURMHFW 1R [L 6HSWHPEHU
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HYLGHQFH G5DGLRFDUERQ GDWLQJ VXJJHVWYV D VLQJOH
UHFRUGHG RQO\ LQ WUHQFK &7 JRXU DGGLWLRQDO HYHC
ZLWK YDU\LQJ OHYHOV RI FRQILGHQFH 6HH WH[W IRU IX

JLJIXUH 3DUWLDO 5HVWRUDWLRQ RI 7UHQFK &7 B6RXWKZDOO 5HV
XQLW H[SRVHG LQ WKH VRXWK ZDOO RI WUHQFK DW 6
SUH IDXOWLQJ VWUDWLJUDSKLF FRQILIXUDWLRQ DW WKH

YLIXUH /RJ Rl TUHQFK OF&DOSLQ 7UHQFK ORJ RI WK}
VWXG\TV 6LWH % 1RWH RQO\ RQH ZDOO ZDV ORJJHG 6HH

YLIXUH /JRJ Rl TUHQFK OF&DOSLQ 7UHQFK ORJ RI WK}
VWXG\TV 6LWH & 1RWH RQO\ RQH ZDOO ZDV ORJJHG 6H}

JLIXUH (YHQW &KURQRORJ\ RI 6HOHFW 6LWHV RQ 3DMDULWR *
&DQ\RQ )DXOWV 7KLV ILIXUH LOOXVWUDWHY WKH SDOHR)
WKH ORFDWLRQ DQG WHPSRUDO UDQJH RI SRVVLEOH UXSW
DQG UHLQWHUSUHWHG GDWD IURP SUHYLRXV SDOHRVHLV
IRU IXUWKHU GLVFXVVLRQ

J)LIXUH &RPSDULVRQ RI ORVW 5HFHQW (YHQW 3UREDELOLW)\ '"HQVL
6LWHV DORQJ WKH 3DMDULWR *XDMH ORXQWDLQ DQG 5H(¢
ORGHOV 7KH OLNHOLKRRG RI WKH PRVW UHFHQW HYHQW
+RORFHQH LV VKRZQ LQ YDULRXV FRORUV 6LWHV ZLWK R
DV GDVKHG DUURZV 6HH WH[W IRU IXUWKHU GLVFXVVLRQ

YLIXUH 6FKHPDWLF ,00XVWUDWLQJ 3HULRGV RI (URVLRQ D
6FKHPDWLF LOOXVWUDWHY SHULRGV Rl SRVW 4HF HURVLI
DW 3KDVH VLWHV 1RWH WKDW DOO VLWHV KDYH D SHL
30HLVWRFHQH DQG DJJUDGDWLRQ LQ WKH +RORFHQH 5HC

LiIST OF PLATES

30DWH 3KRWRPRVDLF DQG /RIJIRIUNKVHD® GUHQFK $7

30DWH 3KRWRPRVDLF DQG $RJBRIXGWLKVHD ® GUHQFK

30DWH 3KRWRPRVDLF DQG $RJIRIUNIKVHD® GUHQFK

30DWH 3KRWRPRVDLF DQG $RJBRIXGLKVHD ® GUHQFK

30DWH 3KRWRPRVDLF DQG /RJIRIUGNKV HD ®O7TUHQFK %7

30DWH 3KRWRPRVDLF DQG /RJBRIXGWLKV D @O7TUHQFK %7

30DWH 3KRWRPRVDLF DQG /RJIRIUGNKVHD ®O7TUHQFK %7

30DWH 3KRWRPRVDLF DQG /RJBRIXGWLKVHD @O7TUHQFK %7
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30DWH 3KRWRPRVDLF DQG &RJIRIUBN.KV HD&® G UH Q FK

30DWH 3KRWRPRVDLF DQG /RJEGRXBNKHD&® FUHQFK &7

30DWH 3KRWRPRVDLF DQG /RJIRUMK HD® GUHQFK &7

30DWH 3KRWRPRVDLF DQG /RI6RXBMKNHD R Y UHQFK &7

30DWH *HRORJLF /RJ RVNSLWH QGC78HQFERXWK DQG 1RUWK :I
=RQHYV

APPENDICES

$SSHQGL[ $ 10%*05 7THFKQLFDO OHPRUDQGXP 3KDVH *HRORJLF
)DXOW

$SSHQGL[ % 3HGRORJLF $JH (VWLPDWHV 5HSRUW
$SSHQGL[ & 5DGERRBRDBRQHYV
$SSHQGL[2SWLFDOO\ 6WLPXODWHG /XPLQHVFHQFH 'DWLQJ 5HVXOW
$SSHQGL[ ( $VK (OHFWURQ OLFURSUREH 5HVXOWYV

$SSHQGLI[ ) 3DOHRPDJQHWLF 5HVXOWV IRU 6LWH $

$SSHQGL[ * ([WHUQDO ([SHUW 5HYLHZ 7HDP 7HFKQLFDO OHPRUD
$SSHQGL[ + 2[&DO ORGHOV
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$06
%11

%RG\

& %5

&HQWHU

&Z

&VQl

(0
'1)6 %
2
((57
((6

0

*/266$5< 2) .(< 7(506 $1' $&521<06
&DUERQ

$OLIJQHG &ODVWV $F FDQ EH LQWHUSUHWHG DV HYH
HYLGHQFH RI VXUIDFH IDXOWLQJ ZKHQ DVVRFLDWHG .
IHDWXUHYV 6HH 6HFWLRQ DQG 7DEOH IRU GHILC

$FFHOHUDWRU PDVV VSHFWURPHWU\

%XULHG )UHH )DFH %Il LV DQ HYHQW LQGLFDWRU Wt
IUHH IDFH D VFDUS IRUPHG E\ VXUIDFH IDXOWLQJ W|
FROOXYLXP LH D FROOXYLDO ZHGJH 6HH 6HFWLRC
GHILQLWLRQ

,Q BHQLRU 6HLVPLF +D]DUG $GYLVRU\ &RPPLWWHH 66
ERG\ RI WHFKQLFDOO\ GHIHQVLEOH LQWHUSUHWDWLR
H[LVWLQJ GDWD DQG LQIRUPDWLRQ DQG LQGLUHFW
PRGHOV VLPXODWLRQV IRU DOWHUQDWLYH K\SRWKH
YDOXHV Rl WKH FHQWHU

FHQWHU ERG\ DQG UDQJH 3KUDVH DGRSWHG IURP W
$GYLVRU\ &RPPLWWHH 66+$& WKURNXMREBDW LG
ZLWK WHFKQLFDOO\ GHIHQVLEOH LQWHUSUHWDWLRQ)\
SDOHRVHLVPLF KLVWRU\ (DFK WHUP LV GHVFULEHG \
,Q 6HQLRU 6HLVPLF +D]DUG $GYLVRU\ &RPPLWWHH 6¢€
FHQWHU RI WHFKQLFDOO\ GHIHQVLEOH LQWHUSUHWD!
H[LVWLQJ GDWD DQG LQIRUPDWLRQ IRU SUHIHUUHG
&ROOXYLDO ZHGJH &: HYHQW LQGLFDWRU LV D Z}
GHSRVLWHG DJDLQVW RU DERYH IDXOW RU IUHH IDFH
6HFWLRQ DQG 7DEOH IRU GHILQLWLRQ

&RDUVH VWUDWLJUDSK\ QHDU IDXOW &VQI LV DQ HY
WR GHVFULEH WKH QDWXUH RI WKH LQWHUSUHWHG FI
]JRQH DQG KRZ WKH\ WDSHU DZD\ IURP WKH IDXOW ]RC
7TDEOH IRU GHILQLWLRQ

'LJLWDO HOHYDWLRQ PRGHO

'HIHQVH 1XFOHDU )DFLOLWLHV 6DIHW\ %RDUG
'HSDUWPHQW RI (QHUJ\

(IWHUQDO H[SHUW UHYLHZ WHDP

IRV $ODPRV 1DWLRQDO /DERUDWRU\YV (DUWK DQG (Q
'LYLVLRQ

(PEXGR IDXOW
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()6

)LV

*0)

+RORFHQH
,&306

1$1/

/&,

/IL'$5

ND

0D

05(
1HRJHQH

10%*05
10+8
107
26+$
26/

3,

3(

3)

3)6

Embudo fault system DQ DJJUHIJDWH JURXS RI IDXOWYV ORFC
HDVW RI WKH 3DMDULWR IDXOW V\VWHP VHH EHORZ
(PEXGR IDXOW DQG 6DQWD &ODUD IDXOW

J)LVVXUH )LOOV )LV HYHQW LQGLFDWRUV DUH GHIL
RITVHWY RU KRUL]JRQWDOO\ VHSDUDWHY OD\HUV DQ
GHSRVLWV 6HH 6HFWLRQ DQG 7DEOH IRU GHIL

Guaje Mountainfault DQ DQWLWEMRKFH GHRVW VXEVLGLDU\ |
VWUXFWXUH ZLWKLQ WKH 3DMDULWR IDXOW V\VWHP C
&DQ\RQ IDXOW DQG ZHVW RI WKH 6DZ\HU &DQ\RQ IDX(

$ SHULRG RI JHRORJLF WLPH IURP \HDUV DJR WR
,QGXFWLYHO\ FRXSOHG SODVPD PDVV VSHFWURPHWU
IRV $ODPRV 1DWLRQDO /DERUDWRU\
JHWWLV &RQVXOWDQWY ,QWHUQDWLRQDO
OLJKW GHWHFWLRQ DQG UDQJLQJ

NLOR DQQXP WKRXVDQG \HDUV DJR

OHJD DQQXP PLOOLRQ \HDUV DJR

ORVW UHFHQW HYHQW

$ SHULRG RI JHRORJLF WLPH VSDQQLQJ IURP PLO
S3DOHRJHQH WR PLOOLRQ \HDUV DJR VWDUW 4XD\

1HZ OH[LFR %XUHDX Rl *HRORJ\ DQG OLQHUDO 5HVRX
1HZ OH[LFR +LJKODQGYV 8QLYHUVLW\

1HZ OH[LFR 7HFK

2FFXSDWLRQDO 6DIHW\ DQG +HDOWK $GPLQLVWUDWLI
2SWLFDOO\ VWLPXODWHG OXPLQHVFHQFH

SBURILOH GHYHORSPHQW LQGH]

SHQXOWLPDWH HYHQW

Pajarito faut 'RZQ/RVKH HDVW QRUPDO IDXOW ZHVW RI WK
WRZQVLWH DQG /RV $ODPRV 1DWLRQDO /DERUDWRU\
VXUIDFH IURP &RFKLWL &DQ\RQ LQ WKH VRXWK WR 5H
JRUPV D ]JRQH RI VXUIDFH UXSWXUH WKDW LV QDUURZ
DORQJ VWULNH WUDFH DQG ZKLFK ZLGHQV WRZDUGYV
ZLWK WKH :PDLQ 3DMDULWR IDXOW" RI /HZLV HW DO

Pajarito fault system $Q DJJUHIJDWH JURXS RI PXOWLSOH ID:
WKH GWELKH HDVW 3DMDULWRMPEK QWYV W IGH GRIZMD & D C

,QF
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IDXOW 5&) *XDMH ORXQWDLQ IDXOW *0) 6DZ\HU &C
DQG 6DQWD &ODUD &DQ\RQ IDXOW 6&&) :RQJ HW DO

WKRXJKW WR EH VWUXFWXUDOO\ FRQQHFWHG DW
UHIHU WR WKH 3)6 DV WKH 3DMDULWR IDXOW JRQH W
WKLV VA\VWHP

3)6 3763 3DMDULWR IDXOW V\WVWHP SDOHRVHLVPLF WUHQ
3OHLVWRFHQH 7KH ILUVW HSRFK RI WKH 4XDWHUQDU\ VSDQC
\HDUV DJR VWDUW +RORFHQH

36+% 3UREDELOLVWLF 6HLVPLF +D]DUG $QDO\VLV

4ER 2WRZL OHPEHU RI WKH %DQGHOLHU 7XIl 4XDWHUQD U
,JHWW DQG 2EUDGRYLFK

4EW 7VKLUHJH OHPEHU RI WKH %DQGHOLHU 7XII 4XDWHUQC
IURP 3KLOOLSV HW DO ,QFOXGHV D QXPEHU RI
GHOLQHDWHG E\ %YUR[WRQ DQG 5HQHDX WKDW S
VWUDWLJUDSKLF PDUNHUV RQ WKH 3DMDULWR 30DWH
DEVHQFH RI IDXOWYVY UHODWHG WR WKH 3DMDULWR ID.

AHE (O &DMHWH SXPLFH WKH PRVW UHFHQW HUXSWLYH X

4XDWHUQDU\

5DQJH

5&)

5*5
6&)

7TROHGR FDOGHUD FRPSOH[ ZHVW RI /RV $ODPRV DQG
SUHVHUYHG GDWHG DW a ND

$ SHULRG RI JHRORJLF WLPH IURP PLOOLRQ
WKH SUHVHQW GD\

,Q BHQLRU 6HLVPLF +D]DUG $GYLVRU\ &RPPLWWHH 66
UDQJH RI WHFKQLFDOO\ GHIHQVLEOH LQWHUSUHWDW|
H[LVWLQJ GDWD DQG LQIRUPDWLRQ LQGLUHFW HYL¢
VLPXODWLRQV DQG DV \HW XQVHHQ HYLGHQFH XQR
SODXVLEOH IRU WKH OLPLWV RI GHIHQVLEOH K\SRWK
ERXQGV RI WKH FHQWHU

Rendija Canyon fault DQ DQWLWKWMRVKH GRZW VXEVLGLDU\ I
VWUXFWXUH ZLWKLQ WKH 3DMDULWR IDXOW V\VWHP
ORXQWDLQ IDXOW

SLR *UDQGH ULIW

Sawyer Canyonfaut DQ DQWLWKMRVKF GHRZ® VXEVLGLDU\ I
VWUXFWXUH ZLWKLQ WKH 3DMDULWR IDXOW V\VWHP [
RI WKH IDXOW V\VWHP

Santa Clara Canyon fault D GRERYKH HDVW HOHPHQW RI WKH (
IDXOW V\VWHP

6DQ 'LHIJR 6WDWH 8QLYHUVLW\

/&, SBURMHFW 1R
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6l

66+%$&

7K

71
760(
72

86&6
8WD

8WE

9R

9RG

6KHDU )DEULF 61 HYHQW LQGLFDWRU LV D IDXOW ]R!
GHSRVLWYV WKDW PD\ LQFOXGH LPEULFDWHG RU DOLJ
ILQH JUDLQHG PDWHULDO DQG LV D SRVLWLYH LQGL
6HH 6HFWLRQ DQG 7DEOH IRU GHILQLWLRQ

6HQLRU 6HLVPLF +D]DUG $QDO\VLV &RPPLWWHH IURP
&RPPLVVLRQ 185(* &5

7KLFNHQLQJ 7K RI D JHRORJLF RU VRLO XQLW DFUR\

LQWHUSUHWHG DV DQ HYHQW LQGLFDWRU DQG SRVLW

GHIRUPDWLRQ ZKHQ DVVRFLDWHG ZLWK RWKHU IDXOV
DQG 7DEOH IRU GHILQLWLRQ

TKHUPROXPLQHVFHQFH GDWLQJ
THFKQLFDO VXEMHFW PDWWHU H[SHUW V

7LOWLQJ RU ZDUSLQJ 7Z RI VWUDWLJUDSKLF XQL
LQWHUSUHWHG DV DQ HYHQW LQGLFDWRU DQG SR
GHIRUPDWLRQ 6HH BHFWLRQ DQG 7DEOH IRU C

8QLILHG 6RLO &ODVVLILFDWLRQ 6\VWHP

(YHQW LQGLFDWRU GHVFULELQJ WKH XSZDUG WHUF
8WD ©6HH 6HFWLRQ DQG 7DEOH IRU GHILQLWL

(YHQW LQGLFDWRU GHVFULELQJ WKH XSZDUG WHUF
DGHSRVLW 8WE HYHQW LQGLFDWRU 6HH B6HFWLRQ
GHILQLWLRQ

9HUWLFDO 2IIVHW 9R HYHQW LQGLFDWRU LV DQ RII
RU EDVH EDFN HGJH RI D FROOXYLDO XQLW ZKLFK
SDOHRVXUIDFH IDXOWLQJ 6HH 6HFWLRQ DQG 7DE

S9HUWLFDO RIIVHW ZLWK GHFUHDVLQJ GLVSODFHP
LOQGLFDWRU LV SRVLWLYH HYLGHQFH IRU UHSHDWHG
ZHGJH RU HDVLO\ LGHQWLILDEOH HYHQW KRUL]JRQ LV

DQG 7TDEOH IRU GHILQLWLRQ
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EXECUTIVE SUMMARY

7KH 3DMDULWR IDXOW V\WWHP 3)6 LV D ODWH 4XDWHUQDU\ N F
ZHVWHUQ PDUJLQ RI WKH 5LR *UDQGH ULIW DQG FURVVHV WKH ZH
/IDERUDWRU\ /$1/ LQ /RV $ODPRV 10 $V FXUUHQWO\ LQWHUSI
FRQWULEXWLQJ VHLVPLF VRXUFH WR JURXQG PRWLRQ KD]DUG D
XQGHUVWDQGLQJ WKH IDXOW V\VWHPYV SDOHRVHLVPLF KLVWRU\
KD]JDUG DW /$1/ 7KH 3)6 FRQVLVWV Rl VHYHUDO GLVWLQFW IDXO)\
3DMDULWR IDXOW 3) *XDMH ORXQWDLQ IDXOW *0) 5HQGLMD &L
&DQ\RQ IDXOW 6&&) :RQJ HW DO

,Q WKH VHLVPLF VRXUFH PRGHO IRU WKH /$1/ 36+% :RQJ
LOWHUSUHWHG WR EH D VLQJOH VHIPHQWHG UXSWXUH VRXUFH {
3)6 ZDV GHYHORSHG IRU WKH 36+$%$ EDVHG SULPDULO\ RQ WKH UHVX
SHUIRUPHG RQ WKH 3) 5&) DQG *0) QR GHWDLOHG SDOHRVHLVPLF
WKH 6&&) /$1/1V XSGDWHG SUREDELOLVWLF VHLVPLF KD]DUG L
+RORFHQH HYHQW SDOHRHDUWKTXDNH PRGHO GHVSLWH KDYLQ
LQYHVWLIJDWLRQ \LHOG HYLGHQFH IRU PXOWLSOH HDUWKTXDNHYV |
WKH PRVW UHFHQW 36+% XSGDWH :RQJ HW DO DQG VXEVHTX|
6WHHULQJ &RPPLWWHH 86& VKRZ WKDW WKH UHFXUUHQFH RI
HSRFK a \HDUV DJR WR WKH SUHVHQW DORQJ WKH 3)6 LV VLJIC
UHFRPPHQGHG DGGLWLRQDO SDOHRVHLVPLF LQIRUPDWLRQ EH FRO
3)6 WR WHVW UHFXUUHQFH PRGHOV SUHVHQWHG E\ :RQJ HW DO

7R DGGUHVV WKH 86& UHFRPPHQGDWLRQV D PXOWL \HDU SDOI
ZDV FRQFHLYHG FRQVLVWLQJ RI VHYHUDO ILHOG SKDVHV WR HYDO
WKH 3)6 7KLV UHSRUW SUHVHQWY WKH UHVXOWY IURP WKH LQLWLI
SDMDULWR IDXOW 3KDVH LQFOXGHG WKH H[FDYDWLRQ DQG LQW
WZR HDFK bW WKUHH VHSDUDWH ORFDWLRQV RQ WKH 3DMDULWR II
ORFDWHG RQ WKH SULPDU\ WUDFH RI WKH 3DMDULWR IDXOW DQG
WKH 3IDMDULWR IDXOW HDVW RI WKH PDLQ IDXOW

*LYHQ WKH JHRORJLF FRPSOH[LW\ RI WKH 3)6 DQG ORJLVWLFDO
VLWHYV ZLWK D UHODWLYHO\ FRPSOHWH +RORFHQH VWUDWLJUDSKL
FRQILGHQFH WKH QXPEHU DQG WLPLQJ RI +RORFHQH HDUWKTXDN
LGHQWLILFDWLRQ DQG FRUUHODWLRQ RI +RORFHQH HDUWKTXDNF
VRXUFHYV XQFHUWDLQW\ LQ WKH DFWXDO SDOHRVHLVPLF 3RE
VWUDWLJUDSKLF UHFRUG L H GRHY WKH REVHUYDWLRQ UHSUHVI
DVVRFLDWHG ZLWK 3JDSV" LQ WKH VWUDWLJUDSKLF UHFRUG L H
ODFN RI SUHVHUYDWLRQ RI DQ HDUWKTXDNH LQ WKH VWUDWLJUDS
RI D JLYHQ REVHUYDWLRQ LQFOXGLQJ ERWK 3SFRQWH[WXDO XQFHU
GDWHG VDPSOH LV DFWXDOO\ GDWLQJ WKH LQWHQGHG VWUDWLJUI
XQFHUWDLQW\ RU HUURU LQKHUHQW LQ WKH GDWLQJ SURFHVV RU

/&, SBURMHFW 1R [YLLL 6HSWHPEHU
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GLVFXVVHG LQ WKLV UHSRUW DQG DUH LQFRUSRUDWHG LQWR RXlLl
SDOHRVHLVPLF HYHQWYV RQ WKH 3)6

JRU WKLV 3KDVH VWXG\ ZH GHYHORSHG DQ LQYHVWLJIJDWLRQ VWL
UHGXFH XQFHUWDLQW\ LQ WKH +RORFHQH SDOHRVHLVPLF UHFRUG
RI WKH WKUHH SDOHRVHLVPLF VLWHY RQ WKH 3DMDULWR IDXOW W
LGHQWLILHG HYHQW %RWK WUHQFK ZDOOV ZHUH LQWHUSUHWHG
SDOHRVHLVPRORJLVWY DQG UHYLHZHG E\ DQ LQGHSHQGHQW UHY|
UubQJH Rl SRVVLEOH SDOHRVHLVPLF LQWHUSUHWDWLRQV 7KH OL
IHDWXUH UHSUHVHQWY D GLVWLQFW SDOHRVHLVPLF HYHQW ZDV L
GHYHORSHG IRU WKLV VWXG\ 7KLV LQIRUPDWLRQ ZDV WKHQ XVHG
HYHQW V DW HDFK VLWH DQG EHWZHHQ VLWHY DQG WR HYDOXDYV
VXUIDFH UXSWXULQJ HYHQW KDG RFFXUUHG RQ WKH 3DMDULWR
WHFKQLFDOO\ GHIHQVLEOH LQWHUSUHWDWLRQV JLYHQ WKH VDPH
HYHQW IURP ZKLFK WR HYDOXDWH WKH IXOO UDQJH RI XQFHUW
SDOHRVHLVPLF HYHQW ,Q DGGLWLRQ WR WKH QHZ WUHQFKHYVY ZH
WR SDOHRVHLVPLF HYHQW V LGHQWLILHG GXULQJ SUHYLRXV WUH
RI WKH XQFHUWDLQWLHY DVVRFLDWHG ZLWK WKH +RORFHQH EHKD"

,Q GHYHORSLQJ WKH HYHQW FKURQRORJ\ IRU HDFK VLWH ZH HPSOF
LQFOX®LRBFHOHUDWRU PDVV VSHFWURPHWU\ $06 GDWLQJ RI Fl
OXPLQHVFHQFH 26/ GDWLQJ RI VHGLPHQW SDOHRPDJQHWLF VL.
DQDO\VLV RI YROFDQLF DVK DQG DQDO\VLV RI VRLO SURILOH GH
MXGJPHQW E\ WKH SDOHRV& I$\0BLEDWHIDR RY PKDUFRDO SURYLGHG V
GDWHV IRU FRQVWUDLQLQJ WKH DJH RI LQGLYLGXDO HYHQWV ERW
RI SULRU SDOHRVHLVPLF VWXGLHV 2WKHU GDWLQJ PHWKRGV H J
WR FRQVWUDLQ WKH DJH RI LQGLYLGXDO BYGmMWMHNVLQ WKH DEVHQFI

'DWD IURP WKHVH WUHQFKHV ZHUH LQWHJUDWHG ZLWK GDWD IURP
RQ WKH 3)6 LQFOXGLQJ WKH *0) DQG 5&) 7KLV LQWHJUDWHG DQD
QXPEHU DQG WLPLQJ RI ODWH 30HLVWRFHQH DQG +RORFHQH VXU]
GHYHORS DQG FRUUHODWH WKH HDUWKTXDNH FKURQRORJ\ IRU WKF
*0) DQG 5&) WR WKH QRUWK XVH WKH ODWH 30HLVWRFHQH DQG
HYDOXDWH DOWHUQDWLYH WLPH GHSHQGHQW 3RLVVRQ DQG FOXV

HYDOXDWH DOWHUQDWLYH UXSWXUH PRGHOV IRU WKH 3DMDUI
VHIPHQWHG 3)6

5HVXOWYV IURP WKLV 3KDVH SDOHRVHLVPLF VWXG\ VLIQLILFDQWO
WLPLQJ RI +RORFHQH VXUIDFH IDXOWLQJ HDUWKTXDNHY RQ WKH
DOWHUQDWLYH LQWHUSUHWDWLRQV RQ UHFXUUHQFH DQG VXUIDFH
WKH *0) 5&) DQG 6&) JRU ERWK WKH 3DMDULWR IDXOW DQG WKt
LOQWHUSUHWDWLRQ DQ DOWHUQDWLYH EXW ORZHU OLNHOLKRR
LOQOWHUSUHWDWLRQV IRU WKH QXPEHU DQG WLPLQJ RI +RORFHQH H

/&, SBURMHFW 1R [L] 6HSWHPEHU
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+RORFHOH (DUWKTXDNH &KURQRORJ\ RQ WKH 3DMDULWR )DXOW

JRU WKH 3IDMDULWR IDXOW GDWD IURP WKH SDOHRXHBESERBMW AN WHKQ F
D KLJK OHYHO RI FRQILGHQFH D SUHIHUUHG LQWHUSUHWDOMLRQ RI
FRQVWUBL®RMHGCGGDWHY SODFH WKLY HYHQW DV \RXQJHU WKDQ NLC

ND DW 6LWH % 7KLV VWXG\YV UHYLHZ RI SUHYLRXV WUHQFK UH
6LWHD VXSSRUW WKLY LQWHUSUHWDWLRQ :H QRWH WKDW GHVSLW
SHUIRUPHG RQ WKH 3DMDULWR IDXOW RYHU WKH SDVW \HDUV (
PRUH WKDQ RQH +RORFHQH HDUWKTXDNH 7KH DEVHQFH RI UHSH
SDOHRVHLVPLF WUHQFK H[SRVXUHV SURYLGHV LQGLUHFW HYLGHC
RFFXUUHG RQ WKH 3DMDULWR IDXOW 7KXV WKLV VWXG\TV SUHI}
WUHQFKLQJ HIITRUWYV LQWHJUDWHG ZLWK SULRU SDOHRVHLVPLF VW
RQ WKH 3IDMDULWR IDXOW

7KH DYDLODEOH GDWD DOVR DOORZ IRU DQ DOWHUQDWLYH LQWHU
HDUWKTXDNHYV PD\ KDYH RFFXUUHG RQ WKH 3DMDULWR IDKOW VHS
HIDPSOH WKH SHQXOWLPDWH HYHQW DW 6LWH & PD\ KDYH RFFXU
+RORFHQH DQG WKH (2& VLWH PD\ KDYH UHFRUGHG DQ HDUO\ W
DO (YLGHQFH IRU WKLY ODWH 30HLVWRFHQH WR HDUO\ +R
HTXLYRFDO EDVHG RQ ERWK XQFHUWDLQW\ LQ WKH SDOHRVHLVP
FRQVWUDLQWY DQG WKXV ZH JLYH WKLV DOWHUQDWLYH LQWHUSU

7KH UDQJH Rl SRVVLEOH LQWHUSUHWDWLRQV LQFOXGHV XS WR IR
7KLV 3UDQJH LQ XQFHUWDLQW\ UHTXLUHV LQWHJUDWHG LQWHUS!
VWXG\ SOXV UH DQDO\WHV RI SDVW SDOHRVHLVPLF VWXGLHV
LQWHUSUHWDWLRQV RI WKH SDOHRVHLVPLF UHVXOWV IURP WKH W
IDXOW DQG 6LWHV $ DQG (2& RQ DQWLWKHWLF IDXOWV WR WKH
GDWHG ODWH +RORFHQH HYHQW DW 6LWHV % DQG & RQ WKH SULP
UHVSHFWLYHO\ FDQ EH LQWHUSUHWHG DV WZR GLIIHUHQW ODWH
VHSDUDWH VWUDQG RI WKH SULPDU\ IDXOW WUDFH *LYHQ WKH SU
DSDUW ZH JLYH WKLV DOWHUQDWLYH LQWHUSUHWDWLRQ YHU\ O
FDQQRW EH UHMHFWHG EDVHG RQ DYDLODEOH GDWD VRPH SDOI
DOWHUQDWLYH QRW WHFKQLFDOO\ GHIHQVLEOH 6LWH $ RQ WKH
HYHQW GDWHG E\ 26/ DV OHVV WKDQ DERXW ND :KLOH WKH SUH
LV OLNHO\ WKH VDPH ODWH +RORFHQH HYHQW REVHUYHG RQ WKH
DOWHUQDWLYH LQWHUSUHWDWLRQ LV WKDW LW PD\ UHSUHVHQW
HDUWKTXDNH DOVR GRFXPHQWHG DW WKH (2& VLWH RQ WKH 3DI
LQWHUSUHWDWLRQ D ORZ OHYHO RI FRQILGHQFH EDVHG RQ WKH D
DORQJ WKH 3DMDULWR IDXOW DOWKRXJK LW FDQQRW EH UHMHFWH
+RORFHQH HYHQW RQ WKH 3DMDULWR IDXOW LQFOXGHV WKH SHQX
HYHQW LGHQWLILHG DW 6LWH &
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+RORFHOH (DUWKTXDNH &KURQRORJ\ RQ WKH 3DMDULWR )DXOW 6\\

,Q WKLV DQDO\VLV ZH FRPELQH WKH HDUWKTXDNH FKURQRORJ\ RI
RXU UH HYDOXDWLRQ RI UHVXOWV IURP SUHYLRXV SDOHRVHLVPLF \
DQG 5HQGLMD &DQ\RQ IDXOW 5&) $V GHVFULEHG DERYH SDOHRV
VKRZ WKDW WKH 3DMDULWR IDXOW UXSWXUHG GXULQJ WKH ODWH
UXSWXUH GXULQJ WKH HDUO\ WR PLGGOH +RORFHQH &RQYHUVHC
VWXGLHV VKRZ WKDW WKH *0) DQG 5&) UXSWXUHG LQ WKH PLGGOF
QRW UXSWXUH LQ WKH ODWH +RORFHQH 7DNHQ WRJHWKHU RXU
ODVW UXSWXUH F\FOH WKHVH WZR VHFWLRQV RI WKH 3DMDULWR
+RORFHQH HYHQWYV

7KH DYDLODEOH SDOHRVHLVPLF GDWD DOVR DOORZ IRU DQ DOW
+RORFHQH HYHQW RQ WKH *0) DQG 5&) PD\ KDYH SURGXFHG VOLS
3DMDULWR IDXOW DW WKH (2& 6LWH DQG SRVVLEO\ 6LWH $ 7KL
GXULQJ WKH PLGGOH +RORFHQH HYHQW RQ WKH *0) DQG 5&) PD\ ¥
3DMDULWR IDXOW DW GHSWK EXW LV RQO\ UHIOHFWHG E\ PLQRU
IDXOWV DW 6LWHV $ DQG (2& &RPELQHG ZLWK D VHSDUDWH ODW
RI WKH 3DMDULWR IDXOW WKLY DOWHUQDWLYH LQWHUSUHWDWLRC

7KH UDQJH Rl SRVVLEOH LQWHUSUHWDWLRQV LQFOXGHV IURP RQI
$OWKRXJK RYHU WUHQFKHYV KDYH EHHQ LQYHVWLJDWHG DORQJ W
WUHQFK UHFRUGYV PRUH WKDQ RQH +RORFHQH HYHQW ZLWK WKH S
WR HDUO\ +RORFHQH SHQXOWLPDWH HYHQW DW 6LWH & )URP WKI
WKH REVHUYDWLRQ RI D GLVWLQFW +RORFHQH SDOHRVHLVPLF HYH
WKH DYDLODEOH DJH FRQVWUDLQWY IRU WKHVH HYHQWY DOORZ |
FRUUHODWLRQV )RU H[DPSOH DJH FRQVWUDLQWY RQ WKH PRVW U
RYHUODS ZKLFK DOORZV IRU WKH LQWHUSUHWDWLRQ IRU WZR VH:
GHVFULEHG DERYH WKH ODWH +RORFHQH HYHQW LGHQWLILHG DW
GLVWLQFW ODWH +RORFHQH HYHQWV ,Q WKLV ® RU HYHQW L
RFFXUUHG RQ WKH 5&) D PLG +RORFHQH HYHQW RFFXUUHG RQ WK
HYHQWYV RFFXUUHG RQ WKH 3DMDULWR IDXOW 7KH HDUO\ +RORFF
ZLWK WKH ODWHVW 30HLVWRFHQH WR HDUO\ +RORFHQH SHQXOW
3DMDULWR IDXOW DQG WKH PLG +RORFHQH HYHQW RQ WKH *0) PD!
WKH DQWLWKHWLF IDXOWV DW 6LWH $ DQG 6LWH (2& RQ WKH 3DM

$ VHSDUDWH DOWHUQDWLYH ZLWKLQ WKH UDQJH RI DOWHUQDWLY|
HYHQW RQ WKH 3)6 7KLV 3 HYHQW LQWHUSUHWDWLRQ UHOLHV RQ
+RORFHQH HYHQW LQ DQ\ VLQJOH WUHQFK DV HYLGHQFH DJDLQVW
DQG WKDW WKH OLRLWEBG R§/DGOMWEOHZKHQ FRPELQHG WRJHWKHU
GLVFULPLQDWLRQ RI VHSDUDWH HYHQWV ZLWKLQ WKH +RORFHQH

YHU\ ORZ OHYHO RI FRQILGHQFH JLYHQ WK D W&WKHWSD/OW R VEH. \PFRLF
UHOLDEOH WKDQ WKH 26/ GDWHV DQG WKDW VHYHUDO VLWHV H J
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PXOWL&EOHIHV LQ FKURQRORJ&FGRPWGHHUFGKBUO\ GLVWLQJXLVK EH
+RORFHQH HYHQW RQ WKH 3DMDULWR IDXOW DQG WKH PLG +RORFH
RI WKH SRWHQWLDO IRU *FRQWMPPSDGIV HHDUREH LRKQIWKHRU ROGH
VWUDWLIJUDSKLF XQLW FRQWDLQLQJ WKH VDPSOH WKLV DOWHUQ
RQ WKH DYDLODEOH GDWD

(DUWKTXDNH 5HFEXUUHQFH ORGHO DQG 5XSWXUH 6RXUFH ORGHO IR

5HVXOWV IURP WKLV 3KDVH SDOHRVHLVPLF VWXG\ D®ORZ XV
LQWHUSUHWDWLRQV IRU UXSWXUH VRXUFH DQG UHFXUUHQFH PRG
LQWHUSUHWDWLRQ RI WKH SDOHRVHLVPLF GDWD IRU WKH 3DMD
FROOHFWLYHO\ WKH UHVXOWVY VXSSRUW WZR DOWHUQDWLYH UXSW
LV D VLQJOH UXSWXUH VRXUFH FRPSULVHG Rl GLVWLQFW UXSWXUF
LV D FROORTXLDO WHUP WKDW DFWXDOO\ HQFRPSDVVHV WZR GL\
3DMDULWR IDXOW DQG WKH *XDMH ORXQWDLQ DQG 5HQGLMD &D¢
HDUWKTXDNH FKURQRORJLHYVY ,Q WKH ODWWHU LQWHUSUHWDWLRC
VLQJOH UXSWXUH VRXUFH 5DWKHU WKH 3DMDULWR IDXOW LV DQ H
D ZHOO FRQVWUDLQHG PRVW UHFHQW HYHQW 05( LQ WKH ODWH +R
SHQXOWLPDWH HYHQW SRVVLEO\ LQ WKH ODWH 30HLVWRFHQH WR
5HQGLMD &DQ\RQ IDXOWV DUH ZHVW GLSSLQJ SUHGRPLQDQWO\ QR
FRQVWUDLQHG 05( LQ WKH HDUO\ WR PLGGOH +RORFHQH RU SRV
+RORFHQH 05( RQ WKH 5&) DQG DQ HDUO\ +RORFHQH 05( RQ WKH *
WKH 3DMDULWR IDXOW V\WWHP LV D VLQJOH UXSWXUH VRXUFH WK
VKRZV WKDW WKH IDXOW V\WVWHP UXSWXUHG LQ WZR RU PRUH GLVV
DV GLVWLQFW VHJPHQWY GXULQJ WKH SHQXOWLPDWH HYHQW 7KH
WKDW WKH HQWLUH IDXOW V\VWHP FDQ UXSWXUH LQ D VLQJOH HYF

*LYHQ D ORQJ WHUP SRVW %DQGHOLHU 7XII VOLS UDWH RI DSSUR]JL
WLPH GHSHQGHQW UHFXUUHQFH LQWHUYDO IRU D PDJQLWXGH \
WKH RUGHU RI WR PHWHUV ZRXOG EH DSSUR[LPDWHO\ WR
UHFXUUHQFH LQWHUYDO IRU D ODUJH VXUIDFH IDXOWLQJ HYHQW
SDOHRVHLVPLF REVHUYDWLRQV IURP RXU 3KDVH SDOHRVHLVPLF
SRVVLEO\ D ODWH 30HLVWRFHQH WR HDUO\ +RORFHQH SHQXOWI
WKHUHIRUH VXSSRUW HLWKHU D WLPH GHSHQGHQW RU 3RLVVRQ
UDWKHU WKDQ D FOXVWHUHG +RORFHQH UHFXUUHQFH PRGHO IRU \

SHFRPPHOGDWLRQV

5HVXOWYV IURP WKLV 3KDVH VWXG\ KDYH FRQWULEXWHG VLJQLILF
FKURQRORJ\ RI HDUWKTXDNHV RQ WKH 3DMDULWR IDXOW 7KH U
UHPDLQLQJ XQFHUWDLQWLHYV LQ FKDUDFWHUL]LQJ WKH UROH RI W
PD\ EH DGGUHVVHG LQ VXEVHTXHQW SKDVHV RI SDOHRVHLVPLF I
XQFHUWDLQW\ LQFOXGH IXUWKHU SDOHRVHLVPLF WUHQFK VWXC
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IDXOW ZKHUH D PRUH FRPSOHWH +RORFHQH VWUDWLJUDSKLF UHI
PDSSLQJ RI WKH QRUWKHUQ 3DMDULWR IDXOW DQG DUHD RI RYHI
HYDOXDWH IDXOW VOLS UDWH DQG UHYHUVDO RI VOLS SRODUL\
LQYHVWLIDWLRQ RQ WKH *0) WR UHGXFH XQFHUWDLQW\ LQ WKH DJ
WKH 5&) WR UHGXFH XQFHUWDLQW\ LQ WKH DJH RI WKH 3SHDUO\ +RC
DQRG SDOHRVHLVPLF LQYHVWLIJDWLRQ RI WKH 6&&) ZKLFK WR GDW}

/&, SBURMHFW 1R [[LLL 6HSWHPEHU
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NON-TECHNICAL EXECUTIVE SUMMARY

JROORZLQJ \HDUV Rl SUHSDUDWLRQ /RV $ODPRV 1DWLRQDO /DERL
,QWHUQDWLRQDO ,QF /&, H[HFXWHG JHRORJLF ILHOG ZRUN IUR
XQGHUVWDQGLQJ DQG UHGXFH XQFHUWDLQWLHY LQ WKH KLVWRU\
XVLQJ PRGHUQ VFLHQWLILF WHFKQLTXHYV S5HGXFLQJ XQFHUWDLC
PDJQLWXGH RI SDVW HDUWKTXDNHV RQ WKH 3DMDULWR IDXOW V\V
GHVLJQ QHZ IDFLOLWLHVY DQG DVVHVYV SHUIRUPDQFH RI H[ILVWLQJ V
/$1/ *HRORJLF VWXGLHV SHUIRUPHG SULRU WR VXIJIHVW WKE
H[SHULHQFHG DW OHDVW RQH DQG SHUKDSV DV PDQ\ DV WKUHH SI
WKH +RORFHQH HSRFK WKH ODVW \HDUV /$1/9V XSGDWH
DQEQDO\VLV KHDYLO\ IDYRUHG WKH WKUHH HYHQW SDOHRHDUWKT X
VXEVXUIDFH WUHQFKLQJ LQYHVWLJDWLRQ \LHOG HYLGHQFH IRU PX

,Q WKLV QHZ VWXG\ WKH ILUVW SDOHRVHLVPLF ILHOG VLWHV ZHU
DQRDO\WHV WR PD[LPL]H DFFHVV WR \RXQJ JHRORJLF PDWHULDOV V
HDUWKTXDNH DFWLYLW\ RQ WKH 3DMDULWR IDXOW V\VWHP 6LQI
PDWHULDOV LV LVRODWHG ZRUN FRXOG RQO\ WDNH SODFH LQ V!
DSSURYDO WR FRQGXFW WKHVH SDOHRVHLVPLF LQYHVWLJDWLRQ
DIHQFLHV ZLWKLQ FULWLFDO KDELWDW IRU WKH BQGWXROREL -
QHRPH[LFD&&XVHIXO FRRUGLQDWLRQ ZDV SHUIRUPHG EHWZHHQ WK
WKH 86 )RUHVW 6HUYLFH DQG 86 )LVK DQG :LOGOLIH 6HUYLFH WR
VWXG\

7TKUHH VXLWDEOH ORFDWLRQV ZHUH LGHQWLILHG DFURVV PXOWLS(
DQG & OLH RQ IDXOW VHIJPHQWY DVVRFLDWHG ZLWK WKH PDLQ 3D
I[URP D VXEVLGLDU\ IDXOW 7KHVH WKUHH VLWHV VSDQ WKH ZLGWK
$W HDFK VLWH WZR WUHQFKHV ZHUH RSHQHG DQG QRUWK DQG
DQERDO\IHG IRU HDFK WUHQFK

SDOHRVHLVPLF DQDO\VHV IURP 6LWHV % DQG & GRFXPHQW ZLWK
+RORFHQH VXUIDFH IDXOWLQJ HDUWKTXDNH GDWHG ZLWK PRGHU
\RXQJHU WKDQ a ND 7KH SUHIHUUHG LOWHUSUHWDWLRQ RI 6LW|
ODWH +RORFHQH HYHQW 7KHVH UHVXOWY DUH FRQVLVWHQW ZLWK
WKH 3DMDULWR IDXOW E\ OF&DOSLQ DQG GLIIHU IURP WKH
LQ WKH /1$1/ XSGDWHG SUREDELOLVWLF VHLVPLF KD]DUG DQDO\

7KLV VWXG\ DOVR DQDO\JHG WKH QHZO\ REWDLQHG SDOHRVHLVPLF
SHUIRUPHG RQ RWKHU IDXOWV ZLWKLQ WKH 3DMDULWR IDXOW V\VYV
VWXG\JV UHDQDO\VLV Rl H[LVWLQJ SDOHRVHLVPLF GDWD FRQFOXG
WKH ODWH +RORFHQH L H ND ZKLOH WKH 5HQGLMD &DQ\RQ I
DQG FRQYHUVHO\ WKH 5HQGLMD &DQ\RQ DQG *XDMH ORXQWDLQ ID

ND ZKLOH WKH 3DMDULWR IDXOW GLG QRW 7KLV LQWHUSUHWD
RI WKH 3DMDULWR IDXOW V\VWHP GXULQJ WKH +RORFHQH WKDW G}
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DQG FRXOG DIITHFW RYHUDOO LQWHUSUHWDWLRQV RI WKH LQ"
SDMDULWR IDXOW V\VWHP DW GHSWK
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1.0 INTRODUCTION

$W WKH UHTXHVW RI WKH /RV $ODPRV 1DWLRQDO /DERUDWRU\ /$1
SHUIRUPHG WR HYDOXDWH WKH ODWH 3OHLVWRFHQH DQG +RORFH(
IDXOW VA\VWHP 3)6 QHDU /RV $ODPRV 1HZ OH[LFR $V FXUUHQWO\
FRQWULEXWLQJ VHLVPLF VRXUFH WR JURXQG PRWLRQ KD]DUG DW
XQFHUWDLQWLHY LQ WKH WLPLQJ IUHTXHQF\ DQG PDJQLWXGH R
VHLVPLF GHVLJQ EDVLV XVHG WR GHVLJQ QHZ IDFLOLWLHV DQG
VWUXFWXUHV VA\VWHPV DQG FRPSRQHQWYV DW /$1/

2YHU WKH SDVW WKUHH GHFDGHV QXPHURXV SDOHRVHLVPLF VWXC
ZKLFK LQFOXGHV WKH 3DMDULWR IDXOW DPRQJ RWKHU IDXOWV $¢
EHHQ OLPLWHG GXH WR WKH IDXOW JRQH FRPSOH[LW\ ODQG DFFH\
WKH\ JHQHUDOO\ KDYH VKRZQ FOHDU HYLGHQFH IRU +RORFHQH
&ROOHFWLYHO\ RYHU WUHQFKHV KDYH EHHQ H[FDYDWHG DORQJ
GHILQLWLYH HYLGHQFH IRU PRUH WKDQ RQH +RORFHQH HYHQW +R
FRQVWUDLQWY IRU HDFK UHFRJQL]JHG +RORFHQH HYHQW LQ WKHYV
UHSUHVHQW MXVW RQH +RORFHQH HYHQW ZLWK GLVWULEXWHG VOL
PXOWLSOH +RORFHQH HYHQWYV UXSWXULQJ LQGLYLGXDO IDXOWV Z

*LYHQ WKH XQFHUWDLQW\ LQ WKH QXPEHU DQG WLPLQJ RI +RORFF
URHQW SUREDELOLVWLF VHLVPLF KD]DUG DQDO\VLV 36+$ XSGDWE}
HDUWKTXDNH UHFXUUHQFH PRGHO DOORZLQJ IRU PXOWLSOH +RO
DQDO\WHV DQG VXEVHTXHQW UHYLHZ RI WKH 36+$%$ XSGDWH E\ WKH
86& VKRZ WKDW WKH UHFXUUHQFH Rl HDUWKTXDNHV ZLWKLQ
DJR WR WKH SUHVHQW DORQJ WKH 3)6 LV VLIJQLILFDQW WR KD]I
DGGLWLRQDO SDOHRVHLVPLF LQIRUPDWLRQ EH FROOHFWHG RQ Wi
UHFXUUHQFH PRGHOV SUHVHQWHG E\ :RQJ HW DO DQG /HZLV

7R DGGUHVV WKH 86& UHFRPPHQGDWLRQ D WKUHH \HDU SDOH
ZDV FRQFHLYHG FRQVLVWLQJ RI VHYHUDO ILHOG SKDVHV 3KDVHYV

LOQYHVWLIJDWLRQ ZDV GHVLIQHG WR GHYHORS D FRPSRVLWH FKURQ
WKH IDXOW V\VWHP DQG DFURVV WKH ZLGWK RI WKH EURDG ]R(
ZDV LOQOWHQGHG WR IXUWKHU UHGXFH XQFHUWDLQWLHY DVVRFLDWI
HDUWKTXDNHYV LGHQWLILHG LQ WKH SUHYLRXV SKDVH RI LQYHVWL.

F2-(&72%-(&7,9(

7KLY UHSRUW SUHVHQWY WKH UHVXOWY IURP WKH LQLWLDO 3KDVH
IDXOW 7KH REMHFWLYH RI 3KDVH ZDV WR GHYHORS DQ XSGDWHC
WKH 3IDMDULWR IDXOW IURP ZKLFK WR HYDOXDWH SRWHQWLDO UX:
IDXOW V\VWHP 3KDVH LQFOXGHG WKH H[FDYDWLRQ DQG LQWHUS:S
WZR HDFK DW WKUHH VHSDUDWH ORFDWLRQV RQ WKH 3DMDULWR II
ORFDWHG RQ WKH SULPDU\ HDVW GLSSLQJ WUDFH RI WKH 3DMDUI
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DOWLWKHWLF ZHVW GLSSLQJ WUDFH RI WKH 3DMDULWR IDXOW 'DV
GDWD IURP SUHYLRXV SDOHRVHLVPLF VWXGLHV SHUIRUPHG RQ WK
XVHG WR HYDOXDWH WKH QXPEHU DQG WLPLQJ RI ODWH 30OHLVW
WKH 3DMDULWR IDXOW GHYHORS DQG FRUUHODWH WKH HDUWK"
HYHQWY RQ WKH DGMDFHQW 3)6 VHFWLRQV WR WKH QRUWK X
HDUWKTXDNH FKURQRORJ\ WR HYDOXDWH DOWHUQDWLYH WLPH
UHFXUUHQFH PRGHOV IRU WKH 3)6 DQG HYDOXDWH DOWHUQDWI
RWKHU WKDQ DV SDUW RI D OLQNHG VHJPHQWHG 3)6

7KH 3)6 LV D EURDG FRPSOH[ JRQH RI QRUPDO IDXOWV ERXQGLQ
*UDQGH ULIW /HZLV HW DO 3DVW SDOHRVHLVPLF VWXGLHV F
3DMDULWR IDXOW DQG WKH DQWLWKHWLF *XDMH ORXQWDLQ DQG 5
UHVXOWV RQ WKH WLPLQJ DQG UHFXUUHQFH RI +RORFHQH HYHQW
WKH 3)6 HJ OF&DOSLQ 7KLV ZDV LQ SDUW GXH WR WKH FR
PXOWLSOH IDXOW VWUDQGY DQG ORJLVWLFDO GLIILFXOWLHV EXV
UHODWLYHO\ H[SHGLWLRXVO\ HJ RQO\ RQH ZDOO RU SDUWLDO Z
ZLWKRXW D ORW RI GHWDLO RU SKRWRPRVDLF EDFNJURXQGV DQG
VWXG\ VLWHV DOWHUQDWLYH LQWHUSUHWDWLRQV RI WKH H[SR
UHFRUGHG RU GRFXPHQWHG HDUO\ XVH Rl OXPLQHVFHQFH GDV
ODERUDWRU\ XQFHUWDLQW\ DQG FRQWH[WXDO XQFHUWDLQW)\ D¢
WUHQFKHVY OHG WR DQ XQFHUWDLQ FRPSRVLWH FKURQRORJ\ RI H
WKHUH UHPDLQV FRQVLGHUDEOH GLVDJUHHPHQW EHWZHHQ SDVW :
DQG PRUH UHFHQW VWXGLHV H J *DUGQHU HW DO JHZLV HW

7KLV 3KDVH VWXG\ ZDV GHVLJQHG WR SURYLGH D FRPSUHKHQVLY
LQFOXGLQJ FRPSOHWH GRFXPHQWDWLRQ RI ERWK ZDOOV RI HI
PDSSLQJ WR XQGHUVWDQG VWUDWLJUDSKLF FRQWH[W FDUHI
LQGHSHQGHQW WHFKQLTXHYV GRFXPHQWDWLRQ RI DOWHUQDWL
RI WKH SDOHRVHLVPLF FKURQRORJ\ IURP WKH SULPDU\ SDOHR\
SDOHRVHLVPLF H[SHUWV ZFL\WKH Q& XMW D® G FLHQWAZVW WKH /&, 3U
DQG WKH SDQHO RI H{IWHUQDO SHHU UHYLHZHUV DQG LQWHJUD!
WKH UHVXOWV IURP SULRU VWXGLHV )XUWKHUPRUH WKH ILQGL
LQWHJUDWHG ZLWK WKH UHVXOWYV IURP WKH HDUOLHU WUHQFKHYV
FKURQRORJ\ IRU WKH HQWLUH 3)6

@23(2) 25.

7KH 3IDMDULWR )DXOW 3DOHRVHLVPLF 7UHQFKLQJ 3URJUDP ZDV GH\
Rl ZRUN

BKDVH3®0LQLPXP ,QYHVWLIJDWLRQ" WZR WUHQFKHV DW HDFK RI W

3KDVH 3$GHTXDWH ,QYHVWLJDWLRQ" VL[ DGGLWLRQDO WUHQFK'}
VLWHYVY WR EH SHUIRUPHG IROORZLQJ FRPSOHWLRQ RI 3KDVH
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B3KDVH 32SWLPDO ,QYHVWLJDWLRQ" HLJKW DGGLWLRQDO WUHQF
VLWHV WR EH SHUIRUPHG IROORZLQJ FRPSOHWLRQ RI 3KDVHV

(DFK VXEVHTXHQW SKDVH ZRXOG EXLOG XSRQ WKH UHVXOWYV RI W
DWWHPSW WR UHGXFH XQFHUWDLQWLHYV LQ KD]DUG VLJQLILFDQW
3KDVH IRFXVHG RQ WKH +RORFHQH FKURQRORJ\ RI WKH 3DMD
VXEVHTXHQW SKDVHV ZRXOG H[SDQG WR RWKHU SDUWV RI WKH 3D
IDXOWV ZLWKLQ WKH 3)6 QRUWK RI /$1/

7KLV UHSRUW GHWDLOV WKH UHVXOWV RI WKH 3KDVH 20LQLPXP
VLWHY LQYHVWLIJDWHG DV SDUW RI 3KDVH 6LWHV $ % DQG & ZH
YDXOW 6\WVWHP 3DOHRVHLVPLF 7UHQFK 6LWH 3URMHFW 7HDP 3)6 37
VHYHQ NH\ WDVNV GHWDLOHG JHRPRUSKLF DQG 4XDWHUQDU\ J
QRUWKHUQ SDUWV WKH 3DMDULWR IDXOW LQFOXGLQJ HDFK 3KD
VXUYH\LQJ FOHDQLQJ LQWHUSUHWDWLRQ DQG GRFXPHQWDWLRQ
WHFKQLFDO SHHU UHYLHZ HYDOXDWLRQ DQG LQWHJUDWLRQ RI
D UDQJH RI LQWHUSUHWDWLRQV IRU +RORFHQH DFWLYLW\ RQ WKH
UHFODPDWLRQ DQG UHSRUWLQJ

7(%$0 $148%/,),&%7,216

$Q LPSRUWDQW IHDWXUH RI WKH 3IDMDULWR )DXOW 3DOHRVHLVPLF
RI /$1/ zDV WKH XVH RI LQGHSHQGHQW WHFKQLFDO H[SHUWV WR S
VKRZQ RQ WKH 2UJDQL]DWLRQ &KDUW )LJXUH 7KLY SURMHFW
RQ WKHLU H[WHQVLYH DQG GLUHFW H[SHULHQFH LQ SDOHRVHLVP
IDXOWLQJ LQ YROFDQLF WHUUDLQ IRU FULWLFDO IDFLOLWLHV VXF}

7KH WHFKQLFDO H[SHUWV ZHUH GLYLGHG LQWR VL[ WHFKQLFDO VXI

DQG SURMHFW REMHFWLYHV *HRORJLF ODSSLQJ 7HDP ILYH
4AXDWHUQDU\ *HRFKURQRORJ\ 7THDP 6RLO &KURQRORJ\ 7HDP [
5HYLHZ 7HDP ((57 DQG D /$1/ *HRORJ\ 7HDP )LJXUH 7KH Sl

' :LOOLDP /HWWLYV 3URMHFW ODQDJHU SREHUW *LYOHU VHUYHC
VHUYHG DV /HDG 3DOHRVHLVPRORJLVW RI WKH SDOHRVHLVPLF Wl
LOQWHIJUDWLRQ DQG FRRUGLQDWLRQ EHWZHHQ HDFK WHFKQLFDO V)
PHHWLQJYV ZRUNVKRSVY DQG SUHVHQWDWLRQV LQFOXGLQJ LQ VR
WHFKQLFDO H[SHUWV DQG RU /$1/ SHUVRQQHO WR HQVXUH WKH 1>
SDUW RI WKLV SURMHFW

7KH SXUSRVH UROH DQG UHVSRQVLELOLW\ RI HDFK WHDP DUH GF
PHPEHUTY TXDOLILFDWLRQV DUH GHVFULEHG DW WKH HQG RI WKLYV

*HRORJLF ODSSLQJ 7HDP = 7KH JHRORJLF PDSSLQJ WHDP ZDV |
/&, DQG WKH 1HZ OH[LFR %XUHDX RI OLQHV 10%*05 'U 6KDU
.RQLQJ ZLWK 10%*05 DUH H[SHUW JHRORJLF PDSSHUV LQ WKH
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ZLWK OU *LYOHU ODSSLQJ /HDG OU %DOGZLQ DQG /$1/ JHRC
DQG 5LFN .HOOH\ WR GHYHORS D GHWDLOHG JHRORJLF DQG

WUHQFKLQJ VLWH

3DOHRVHLVPLF 7HDP 7KH 3DOHRVHLVPLF 7HDP LQFOXGH(
SDOHRVHLVPLF H[SHUWV 0U -RKQ %DOGZLQ 3DOHRVHLVPLF
6XVDQ 20LJ OU OLFKDHO ODFKHWWH DQG OU *LYOHU /$1/ 7
SDOHRVHLVPLF WHDP $V WKH /HDG 3DOHRVHLVPRORJLVW O0U
LQYHVWLIJDWLRQ DQG ZDV UHVSRQVLEOH IRU FDSWXULQJ
LQWHUSUHWDWLRQV DPRQJ WKH SDOHRVHLVPLF WHDP IRU HDF
*HRFKURQRORJ\ 7HDP = 7KH *HRFKURQRORJ\ 7HDP ZDV FRPSR
*HRFKURQRORJ\ /HDG ZLWK VXSSRUW IURP OU *LYOHU O0U
5RFNZHOO ZRUNHG FORVHO\ ZLWK WKH /HDG 3DOHRVHLVPROF
BFLHQWLVW 0OU *LYOHU WR GHWHUPLQH WKH DSSURSULDWH G
VLWH EDVHG RQ WKH PDWHULDOV DYDLODEOH 'U 5RFNZHOC
DQDO\VLV RI DOO QHZ DQG SUHYLRXVO\ FROOHFWHG UDGLRFD
BRLO &KURQRORJ\ 7HDP 7KH 6RLO &KURQRORJ\ 7HDP FRQVLYV
BRLOV ([SHUW VXSSRUWHG E\ 'U 5RFNZHOO O0U %DOGZLQ

GHYHORSHG WKH SUHYLRXV VRLO FKURQRVHTXHQFH IRU WKH

ODWH fV OF'RQDOG

(IWHUQDO ([SHUW 5HYLHZ 7HDP ((57 + 7KH ((57 FRQVLVWYV

H[SHUWV LQFOXGLQJ 0V .DWKU\Q +DQVRQ 'U 7RQ\ &URQH

((57 SURYLGHG WHFKQLFDO ILHOG UHYLHZ RI DOO WKH WUHQ
6HH IXUWKHU GHVFULSWLRQ RI WKH ((571V UROHV DQG UHVSR!
/$1/ *HRORJ\ 7HDP * 7KH 7UHQFKLQJ 3URJUDP DOVR ZDV VXS
/$1/ LQFOXGLQJ OV (PLO\ 6FKXOW] )HOOHQ] OU 5LFN .HOOH\
%UDQGRQ &UDZIRUG HDFK Rl ZKRP SDUWLFLSDWHG LQ DO
LQYHVWLIJDWLRQ DQG UHYLHZHG WKH GUDIW UHSRUW

:L.OooLDP 5 /HWWLV 3K' = 3URMHFW ODQDJHU

' /HWWLV /&, 6HQLRU 3ULQFLSDO *HRORJLVW KDV RYHU \HDUV
VLWH LQYHVWLIJDWLRQV WR DVVHVV JHRORJLF DQG VHLVPLF KD]DU
QXFOHDU SODQWV GDPV EULGJHV SLSHOLQHV DQG /1* WHUPLC
LQYROYH GHWDLOHG VLWH FKDUDFWHUL]DWLRQ WR DVVHVV GHWH
OLTXHIDFWLRQ SRWHQWLDO VXUIDFH IDXOW UXSWXUH SDOHRVE
VWDELOLW\ ' /HWWLV KDV SDUWLFLSDWHG LQ GHWDLOHG SDOF
IDXOWV LQ DOO W\SHV RI WHFWRQLF HQYLURQPHQWYV WKURXJKRX
/IHWWLV LV D UHFRJQL]J]HG DXWKRULW\ RQ WKH DVVHVVPHQW RI VI
WKURXJKRXW WKH ZRUOG +H UHFHQWO\ VHUYHG RQ WKH 86 *HROI
GHYHORSPHQW RI WKH 1DWLRQDO 6HLVPLF +D]DUG 0DS +H KDV S>
DUH FLWHG IRU JXLGDQFH LQ WKH 86 15&fYV 5HIJIXODWRU\ *XLGHO
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VSHFLILF *URXQG ORWLRQ 5HVSRQVH 6SHFWUD *056 IRU QXFOHD
SDUWLFLSDWHG LQ 66+%$& /HYHO DQG 66+%& /HYHO DVVHV
FKDUDFWHUL]DWLRQ IRU QXFOHDU IDFLOLWLHV

-RKQ %DOGZLQ 06 * /HDG 3DOHRVHLVPRORJLVW

OU %DOGZLQ /&, 3ULQFLSDO *HRORJLVW ZLWK \HDUV RI GRPH
VSHFLDOL]LQJ LQ ODUJH FRPSOH[ HQJLQHHULQJ JHRORJLF LQYHVW
DQG SDOHRVHLVPLF UHVHDUFK SURMHFWY +H KDV H[WHQVLYH HJ
ILHOG RSHUDWLRQV IRU HQJLQHHULQJ JHRORJLFDO DQG JHRWHF
WUDQVSRUWDWLRQ ZDWHU FRQYH\DQFH V\VWHPV UHVHUYRLUV D
LV DFWLYLW\ LQYROYHG LQ 86*6 DQG 16) IXQGHG SDOHRVHLVPLF U
DQG LV WKH OHDG RU FR DXWKRU RI SXEOLVKHG SDSHUV RQ WKH

*UHHQ 9DOOH\ IDXOW /LHQNDHPSHU HW DO 6FKZDUW]
6LPSVRQ HW DO .HUQ &DQ\RQ )DXOW .HOVRQ 5RGJHL
1IRUWKULGJH +LOOV IDXOW %DOGZLQ HW DO 1HZ 0D

DQG WKH &RPPHUFH *HRSK\VLFDO /LQHDPHQW %DOGZLQ HW D
5REHUW *LYOHU 06 %+ /HDG 6FLHQWLVW

OU *LYOHU /&, B3ULQFLSDO *HRORJLVW KDV RYHU \HDUV RI SU
GHWDLOHG JHRORJLF LQYHVWLIJDWLRQV IRFXVHG RQ VHLVPLF KD]
ZRUOG 7TKHVH VWXGLHV LQFOXGH SUREDELOLVWLF VHLVPLF KD]C
IDXOW LQYHVWLIJDWLRQV SLSHOLQH IDXOW FURVVLQJ HYDOXDWLR
FRQGXFWLQJ IDXOW VWXGLHVY DW QDWLRQDO ODERUDWRULHV [/R\
/IDEV )HGHUDO IDFLOLWLHV 3DGXFDK JDVHRXV GLIIXVLRQ IDFLOL\
SRZHU SODQWY DQG GDPV O0OU *LYOHUYV UHFHQW UHVHDUFK LQF
UHVHDUFK SURMHFWY LQYROYLQJ SDOHRVHLVPRORJ\ RQ WKH +D\ZL
&UHHN )DXOW *LYOHU HW DO ORXQW $QJHO )DXOW *L
ORXQWDLQ IDXOW :LWWHU HW DO

7TKRPDV 5RFNZHOO 3K' = /HDG *HRFKURQRORJLVW

'U 5RFNZHOO /&, 6XEFRQVXOWDQW DQG 3URIHVVRU DW 6DQ 'LHJR
LQWHUQDWLRQDOO\ UHQRZQHG SDOHRVHLVPRORJLVW DQG VWUXFV
DUWLFOHY LQ PDMRU LQWHUQDWLRQDO MRXUQDOV FRDXWKRUHG
SDSHUV LQ FRQIHUHQFH SURFHHGLQJY DQG JXLGHERRNV DQG FRELC
DW SURIHVVLRQDO PHHWLQJYV +DYLQJ VHUYHG DV *HRORJ\ *URXS
(DUWKTXDNH &HQWHU IRU PDQ\ \HDUV KH LV DQ H[SHUW RQ WKH \
VRXWKHUQ &DOLIRUQLD DQG %DMD &DOLIRUQLD KDV FRQGXFWHC
HDUWKTXDNHYV RQ IDXOWV LQ WKH ZHVWHUQ 8 6 6RXWK DQG &HQV
DQG URXWLQHO\ XVHV VRLO VWUDWLJUDSK\ DQG JHRPRUSKRORJ\ F
WHFKQLTXHV WR DVVHVV UDWHV RI IDXOW DFWLYLW\ GHWHUPL
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HDUWKTXDNHYV +LV RWKHU UHVHDUFK IRFXVHVY RQ XQGHUVWDQGL
VSDFH SHFHQW DQG FXUUHQW SURMHFWY LQFOXGH WKH FKDUDF
XQGHUVWDQGLQJ SDWWHUQV RI SDVW UHFXUUHQFH RI ODUJH HDU
QRUWKHUQ OH[LFR 3DQDPD $UJHQWLQD 3RUWXJDO 7XUNH\ ,QG
UHVROYLQJ LQIRUPDWLRQ RQ VOLS SHU HYHQW DV LW UHODWHV W
DQRG UXSWXUH WHUPLQDWLRQ +H KDV DOVR ZRUNHG H[WHQVLYH
ODQGVFDSH DQG XVLQJ JHRPRUSKRORJ\ WR FRQVWUDLQ UDWHYV D

6XVvDQ 20LJ 06 +*+ 3DOHRVHLVPLF WHDP PHPEHU

OV 20LJ 20LJ 6HLVPLF *HRORJ\ ,QF KDV RYHU \HDUV RI H[SHUI
HYDOXDWLQJ JHRORJLF KD]DUGV LQ WKH %DVLQ DQG 5DQJH 3URYL
HDUWKTXDNH JHRORJ\ DQG VHLVPLF KD]J]DUGV 6KH KDV HYDOXDMW
FULWLFDO IDFLOLWLHVY WKURXJKRXW ZHVWHUQ 1RUWK $PHULFD

ZDWHU GDPV KRVSLWDOV VFKRROV SRZHU SODQWV OHYHH V!
UHSRVLWRULHV 'U 20LJYV SURMHFW H[SHULHQFH LQFOXGHV 36+
DQG WHFWRQLF VXEVLGHQFH KD]DUGV $V D SULQFLSDO LQYHVW
SDOHRVHLVPLF LQYHVWLJDWLRQV DQG IDXOW HYDOXDWLRQV DC
*HRORJLFDO 6XUYH\ 86*6 'HSDUWPHQW RI (QHUJ\ '2( DQG 8 6
86%5 6KH KDV VHUYHG RQ VHYHUDO QDWLRQDO DQG VWDWHZLG!
86*6 86%5 '2( DQG $PHULFDQ 1XFOHDU 6RFLHW\ OV 20LJ KDV

FRQGXFWLQJ DQG UHYLHZLQJ SDOHRVHLVPLEF LQYHVWLJDWLRQV RI
1HZ OH[LFR LQFOXGLQJ VWXGLHV Rl WKH 3DMDULWR IDXOW V\VWH
5HQGLMD &DQ\RQ IDXOW .HOVRQ HW DO &RXQW\ 'XPS IDXO\
6SULQJ IDXOW V\VWHP 20LJ HW DO DQG 36+$V DQG 3)'+$V R

OLFKDHO ODFKHWWH 06 * 3DOHRVHLVPLF WHDP PHPEHU

OU ODFKHWWH 3DOHR B6HLV 6XUYH\V //& KDV RYHU \HDUV RI LU
QDWLRQDOO\ DQG LQWHUQDWLRQDOO\ UHFRJQL]HG H[SHUW LQ HD
D IRFXV RQ WKH ,QWHUPRXQWDLQ :HVW %DVLQ DQG 5DQJH +H K
SXEOLVKHG UHFRUG LQ SDOHRVHLVPRORJ\ 4XDWHUQDU\ JHRORJ\ |
DQG JHRORJLF PDSSLQJ 3URMHFW &KLHI IRU 3DOHRVHLVPRORJLF
8WDK +H KDV FRQGXFWHG H[WHQVLYH UHVHDUFK RQ SDC
,QWHUPRXQWDLQ :HVW LQFOXGLQJ VWXGLHV RI WKH %RUDK 3
30HDVDQW 9DOOH\ 19 HDUWKTXDNHV 0U ODFKHWWH D PHPEHU R
&RPPLWWHH 86& LV LQWLPDWHO\ IDPLOLDU ZLWK WKH WHFK
SDOHRVHLVPLF WUHQFKLQJ SURMHFW

(ULF OF'TRQDOG 3K' * /HDG 6RLO 6FLHQWLVW
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‘' OF'RQDOG 'HVHUW S5HVHDUFK ,QVWLWXWH LV D UHVHDUFK S
H[SHULHQFH LQ LQWHJUDWHG (DUWK VFLHQFH WKURXJK WKH IXVLR
VXUILFLDO SURFHVVHV QXPHULFDO PRGHOLQJ DQG VLPXODWLRQ |
ODQGVFDSH HYROXWLRQ 'U OF'RQDOG KDV SDVW H[SHULHQFH Z
UHVHDUFKHU ZKHUH KH GHYHORSHG WKH VRLO FKURQRVHTXHQFH I
RI WKH 3SDMDULWR )DXOW OF'RQDOG

®.12:/('*0(176

3UHYLRXV VLWH VHOHFWLRQ PDSSLQJ DQG VLWH LGHQWLILFDWL
:LOOLDP /HWWLV B5REHUW *LYOHU DQG -RKQ %DOGZLQ DQG D W
.HOVRQ 6XVDQ 20LJ DQG $QWKRQ\ &URQH /&, 7KLV SUHYLRX
IRU WKH WUHQFK VLWH ORFDWLRQV LQ WKLV LQYHVWLJDWLRQ 5R|
DQG WHFKQLFDO DVSHFWV RI WKH IDXOW LQYHVWLJDWLRQ ZLWK L
E\ -RKQ %DOGZLQ DQG :LOOLDP /HWWLV (PLO\ 6FKXOW] )HOOHQ] P
6\WWHPV 2EVHUYDWLRQV *URXS DQG 6HLVPLF +D]DUGV 3URJUDP D
$QLWD /DYDGLH %XOQHV *LGD\ :ROGH*DEULHO %UDQGRQ &UDZIRL
=RH +HPH] :H RIIHU VLQFHUH WKDQNV WR WKH /$1/ 21ILFH Rl 6HLVF
DQG VSHFLILFDOO\ WR /DUU\ *RHQ UHWLUHG G5LFKDUG /HH UHWL

4XDWHUQDU\ JHRORJLF PDSSLQJ RI WKH 3DMDULWR IDXOW ZDV St
.HOOH\ IURP WKH 1HZ OH[LFR %XUHDX Rl *HRORJ\ DQG OLQHUDO 5]
VXSSRUW IURP 5REHUW *LYOHU 5LFN 2UWL] -RKQ %DOGZLQ DQG
+DUWOHE %ULDQ *UD\ &KULV %ORV]JLHV DQG 5LFKDUG 2UWL] DOV
WKH WUHQFKLQJ VWXGLHYVY DV ZHOO DV RIILFH EDVHG DQDO\VLV R

7KH JHRORJLF VWUDWD DQG VWUXFWXUHV H[SRVHG LQ WKH WUHQ
UHVXOWLQJ WUHQFK ORJV ZHUH UHYLHZHG E\ WKH SURMHFW WHDP
ILQDO VWDJHV RI HDFK WUHQFK LQYHVWLJDWLRQ 7KH WUHQFK IL
FRQVLVWLQJ RI 7RQ\ &URQH .DWKU\Q +DQVRQ DQG 6WHYHQ 5H
FRQGXFWHG E\ UHSUHVHQWDWLYHV RI WKH 'HIHQVH 1XFOHDU )DFL
RI (QHUJ\ )LHOG 2IILFH UHSUHVHQWDWLYHV DQG NH\ LQVWLWXWLF

7KH WUHQFKHV ZHUH H[FDYDWHG E\ ODUFRQ XQGHU WKH GLUHFW
RSHUDWRUV DQG ILHOG WHFKQLFLDQV &DVH\ /XVWHU &KDUOLH /X’
DQRG URDG FRQVWUXFWLRQ ZHUH RYHUVHHQ E\ .ULV /XVWHU RI 0DU

$VVHVVPHQW RI ELRORJLFDO DQG FXOWXUDO UHVRXUFHV LPSDFW
&KXFN +DWKFRFN %UHQW 7KRPSVRQ ODUMRULH :ULJKW -HVVH
1RUPDQ DQG +DQQDK 9DQ 90DFN RI /$1/ :H HVSHFLDOO\ WKDQN W
5DQJHU 'LVWULFW DQG 8 6 )LVK DQG :LOGOLIH 6HUYLFH IRU DXWKR
RQ 86 )RUHVW 6HUYLFH ODQGV ZLWKLQ VHQVLWLYH VSHFLHV KI
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IDERUDWRU\ '"HSDUWPHQW RI (QHUJ\ )LHOG 2IILFH IRU DVVLVWDC
ODQGRZQLQJ DIJHQFLHYV
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2.0 A PATH TO UNCERTAINTY REDUCTION IN HOLOCENE EVENT
CHRONOLOGY

/$1/ SHUIRUPHG D XSGDWH WR WKH 36+$ EDVHG RQ DYDLODEOH
3)6 :RQJ HW DO 7KLV 36+% XSGDWH ZDV UHYLHZHG E\ DQ ([
(5& DQRG ODWHU E\ WKH 8SGDWH 6WHHULQJ &RPPLWWHH 86&

UHFRPPHQGDWLRQ WR FROOHFW DGGLWLRQDO SDOHRVHLVPLF GDYV
XSGDWHV 7KLV VHFWLRQ SURYLGHV D EULHI KLVWRU\ RI WKHVH S
WKH WHFKQLFDO EDVLV VXSSRUWLQJ WKLV UHFRPPHQGDWLRQ \
SDOHRVHLVPLF LQYHVWLIJDWLRQ RI WKH 3DMDULWR IDXOW

7KH 36+$ XSGDWH :RQJ HW DO FRQVLGHUHG GDWD IURP
JHRORJLF VWXGLHY WR GHYHORS D VHLVPLF VRXUFH FKDUDFWHUL]
IRUD UHYLHZ RI WKHVH VWXGLHV $V SDUW RI WKH GDWD LQWHJU
WKUHH HYHQW +RORFHQH FKURQRORJ\ RI HDUWKTXDNHYV RQ WKF
SDOHRVHLVPLF WUHQFK GDWD DQG REVHUYDWLRQV IURP D VLQJO
HHOQW +RORFHQH FKURQRORJ\ VXSSRUWHG D VKRUWHU UHFXUUHQF
VXUIDFH UXSWXULQJ HYHQWYV GXULQJ WKH +RORFHQH WKDQ VXJJH
! \HDUV SHU HYHQW 7KXV :RQJ HW DO LQFOXGHG D OR
FOXVWHUHG HDUWKTXDNH EHKDYLRU ZKLFK UHFHLYHG D KLJK ZHL
EHKDYLRU 7KH /$1/ 66& WHDP DOVR GHYHORSHG D VHULHV RI VWI
XSGDWH WKDW H[SORUHG WKH FRQQHFWLYLW\ RI WKH YDULRXV 3)¢
SXEOLVKHG LQ D SHHU UHYLHZHG MRXUQDO /HZLV HW DO

FRPSOHWH $V SDUW RI WKLV SDSHU /HZLV HW DO UHYLHZHCG
WR GHYHORS WKH WKUHH HYHQW +RORFHQH FKURQRORJ\ K\SRWKH
HDUWKTXDNH UHFXUUHQFH RQ WKH 3)6 ZDV QRW D IRFXV RI /HZLV F
+RORFHQH UHFXUUHQFH PRGHO LV ODUJHO\ SUHVHQWHG LQ WKH ¢
XVHG LQGLUHFWO\ WR VXSSRUW VRPH RI /HZLV HW DO TV FRQ|

SHYLHZHUV RI WKH :RQJ HW DO 36+$ XSGDWH TXHVWLRQH
UHFXUUHQFH PRGHOV DQG WKH ZHLIJKWLQJ RO WKH 8b& LR XV WDHRYIILHF -
OHWWHU WKH PDLQ FRQFHUQV UHJDUGLQJ WKH 3)6 FKDUDFWHU
IROORZLQJ VWDWHPHQW

3¢ FHQWUDO TXHVWLRQ LQ WKH UHYLHZ LV ZKHWKHU WKH W
FKDUDFWHUL]DWLRQ RI WKH 3)6 UHSUHVHQW WKH FHQWHU
WHFKQLFDOO\ GHIHQVLEOH LQWHUSUHWDWLRQV 7', XQGHL
Rl WKH 6HQLRU 6HLVPLF +D]DUG $QDO\VLV &RPPLWWHH 66+
LL 86&

7KLV VWDWHPHQW UHJDUGLQJ WKH FHQWHU ERG\ DQG UDQJH RI
IRFXVHG RQ ZKHWKHU WKH LOQWHUSUHWDWLRQ RI PXOWLSOH +RORF
ZHLJKW JLYHQ WR WKH PRGHO LV WHFKQLFDOO\ GHIHQVLEOH 8¢
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XQFHUWDLQW\ LQ WKH 3)6 FKDUDFWHUL]DWLRQ VWHPV IURP EURDC
GHYHORSHG IURP SUHYLRXVO\ FROOHFWHG SDOHRWHIDM®PLF GDWD
.HOVR® DO OF&DOSLQ HWHQ® D X D UGH)W W O DV

ZHOO DV WKH FRPSOH[ QDWXUH RI WKH 3)6 LQ WKH YLFLQLW\ RI |
H[SUHVVHG FRQFHUQ WKDW WKH SDOHRVHLVPLF GDWD XVHG LQ Wi
FRQVWUDLQHG DQG LQDGHTXDWHO\ UHSUHVHQWHG ZLWK UHVSHFYV
GDWD DORQJ WKH IDXOW ]J]RQH 7KH (5& DOVR HPSKDVL]HG WKDW
HYROYHG RYHU WKH ODVW \HDUV DQG WKDW PDQ\ RI WKH SDOHR’
XVHG LQ WKH HDUOLHU VWXGLHY DUH RXWGDWHG

$V D UHVXOW Rl WKHVH XQFHUWDLQWLHY DQG ODFN RI UHFHQWO\ LC
UHFRPPHQGKGQG WKPWRYHG SDOHRVHLVPLF GDWD VHW LV UHTXLUHG
S LL 86& DQG WKH\ *HQFRXUDJH /$1/ PDQDJHPHQW WR WDNH |
FKDUDFWHUL]JLQJ WKH 3)6 WKURXJK QHZSGDWE6&® QG LPSTKRY BGE&P R (

IXUWKHU VWD RWBIGWKDWR:UHDOO\ SURYH WKDW WKHUH ZHUH W
HYHQWYV /$1/ ZLOO QHHG WR ILQG D VLWH ZLWK VWUDWLJUDSKLF H
D VLQJOH RU FORVHO\ VSDFHG ]JRQH RI IDXOWYV °

%DVHG RQ WKHVH UHFRPPHQGDWLRQV /$1/ PDQDJHPHQW LQLWLDYV
3DOHRVHLVPLF 7UHQFK 6LWLQJ 3URMHFW 3763 FRPSOHWHG LQ
3763 ZDV WR GHYHORS D VFLHQWLILFDOO\ FUHGLEOH OLVW RI SRWH
WKDW RIITHUHG WKH EHVW RSSRUWXQLW\ WR REWDLQ GDWD WKDW F
XSGDWH 66& )LQGLQJV IURP WKH 3763 LQGLFDWHG WKDW WKHUH D
FHQWUDO VHFWLRQ RI WKH 3)6 WKDW KDYH WKH SRWHQWLDO WR U}
RI PXOWLSOH +RORFHQH VXUIDFH IDXOW UXSWXUHWIWKH BT&E UF
WHFKQLFDO DSSURDFK DQG D JURXS RI KLJKO\ GHVLUDEOH VLWH
SRWHQWLDO WR UHGXFH XQFHUWDLQW\ LQ WKH SUHVHQFH RU DE
UXSWXULQJ HYHQWYV

/$1/ PDQDJHPHQW WKHQ LQLWLDWHG WKH FXUUHQW 33DMDULWR )D.
\HDU WKUHH SKDVH VWXG\ WR VA\VWHPDWLFDOO\ SHUIRUP GHWDLO}
UHFRPPHQGHG E\ WKH 3763 /&, 7TKH FXUUHQW VWXG\ SUHVH(
WUHQFKLQJ SURJUDP
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3.0 GEOLOGIC AND SEISMOTECTONIC SETTING OF LOS ALAMOS,
NEW MEXICO

7KH 5LR *UDQGH ULIW 5*5 LV D QRUWK WUHQGLQJ 1 f WR f( LQ\
DFWLYH HDVW ZHVW H[WHQVLRQ ZLWKLQ WKH JUHDWHU %DVLQ DQ
7KH 5*5 LV D SK\VLRJUDSKLF DQG VWUXFWXUDO GHSUHVVLRC
ORXQWDLQV 3URYLQFH WR WKH QRUWK WKH &RORUDGR 30DWHDX 3
3URYLQFH WR WKH HDVW ,W LV D FRQWLQHQWDO ULIW V\VWHP FK
WR 4XDWHUQDU\ H[WHQVLRQDO IDXOWLQJ YROFDQLVP KLJK KHD
VHLVPLFLW\ \HW D ODFN RI ODUJH 0! KLVWRULFDO HDUWKTXDN
UHJLRQDO H[WHQVLRQ LQLWLDWHG LQ WKH ODWH 20LJRFHQH DQ
DFWLYLW\ KDYLQJ RFFXUUHG WKURXJK WLPH YDQ :LMN HW DO
IDFLOLWLHYV DQG WKH 3DMDULWR IDXOW V\VWHP DUH ORFDWHG D¢
HDVWHUQ IODQN Rl WKH 9DOOHYV 7ROHGR FDOGHUD FRPSOH[ 7KH 5
VWULNLQJ IDXOWV WKDW H[KLELW ERWK H[WHQVLRQDO DQG VXERU

20(59,(:2) 7+5,2*5%1'(5,)7

7KH 5*5 LV D VHULHV RI JHQHUDOO\ ZHOO GHILQHG DV\PPHWULF KD
NP I[URP /HDGYLOOH &RORUDGR LQ WKH QRUWK WR 3UHVLGLR 7H
VRXWK 7KH KDOI JUDHQQNF& HUILERW D/AWHSSLQJ VHULHV RI WLOWH
WHFWRQLFDOO\ LQYHUWHG /DUDPLGH XSOLIWHG EORFNV .HOOHU I
GHHS DV PXFK DV NP LQQHU JUDEHQV KRUVWV DQG VPDOOHU |
WKH VWUXFWXUDO KDOI JUDEHQV RI 7DRV DQG (VSDXxROD EDVLQ
4XDWHUQDU\ VWUDWD WKDW DUH QRZ WLOWHG WR WKH HDVW DQ
YLIXUH

'XULQJ WKH 1HRJHQH WKHVH ULIW EDVLQV ZHUH ILOOHG ZLWK V'
EDVDOWLF ODYD IORZV WKDW HPDQDWHG IURP WKH 7DRV 30ODWHD
J)LIXUH 7TKHVH YROFDQLF URFNV IRUPHG D SOXJ WKDW VHSDUD
EDVLQ DERXW 0D ODFKHWWH HW DO 7TKH 5*5 EDVLQV
JHRPRUSKLFDOO\ LQWHJUDWHG LQ WKH HDUO\ 30LRFHQH ZLWK

VHGLPHQW LQWR FORVHG EDVLQV LQ QRUWKHUQ 1HZ OH[LFR 7ULE
IDQV DQG SLHGPRQW VORSH GHSRVLWY JUDGHG WR WKH EDVLQ |
*UDQGH YDOOH\ OHG WR VXEVHTXHQW LQFLVLRQ RI WKH VHGLPHC
DVVRFLDWHG WULEXWDU\ GUDLQDJHV WKHUHE\ SURGXFLQJ ULYHU
UHZRUNLQJ RI SLHGPRQW VORSH GHSRVLWYV 7KHVH JHRPRUSKLF V>
DFURVVY DQG DUH GLVSODFHG E\ IDXOWV RI WKH 3)6 LQ WKH YLFL
VWUDWLJUDSKLF PDUNHUV IRU GHWHUPLQLQJ WKH RIITVHW DQG WL

9DOOHV 7ROHGR &DOGHUD &RPSOH]

7KH HDVWHUQ HGJH RI WKH -HPH] ORXQWDLQV DSSUR]| P DVO |
RI WKH 5*5 DW WKH ODWLWXGH RI /RV $ODPRV /HZLV HW DO
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SULPDULO\ YROFDQLF GHSRVLWYV HUXSWHG IURP WKH 9DOOHV 7RO
FU\WVWDOOLQH FRUH 7KH PRVW SURPLQHQW YROFDQLF XQLW H[SR'

D ! PHWHU WKLFN VHTXHQFH RI ZHOGHG WXIIV L H LIQLPEULW
J)LIXUH 7TKH %DQGHOLHU 7XIl1 LV FRPPRQO\ GLYLGHG LQWR WZF
OHPEHU 4ER , JHWW DQG 2EUDGRYLFK DQG WKH 0D 7VKL!
HW DO SURPLQHQW SXPLFH GHSRVLWY WKDW DUH DVVRFLD
LQFOXGH WKH &HUUR 7ROHGR SXPLFH WR 0D DQG WKH 6D
0D 6ODWH HW DO ,Q DGGLWLRQ WKH *XDMH 3XPLFH
FRQIRUPDEO\ XQGHUOLHYVY 4ER DQG WKH OD 7VDQNDZL 3XPLFH
4EW

6XEXQLWV RI 4EW IRUP ZHOO HVWDEOLVKHG UHJLRQDO GDWXPV T
3DMDULWR IDXW®WR KH VIO GR2ZHUWLFDO VHSDUDWLRQ DQG SURYLGH'
HVWLPDWLQJ WKH ORQJ WHUP RIIVHW DQG 4XDWHUQDU\ VOLS UD
LPSRUWDQW LQ WKLV VWXG\ DQG WR SUHYLRXV ZRUN EHFDXVH W]
VWXG\ DUHD IRU WKLV VWXG\ LQ SDUWLFXODU 4EW VXEXQLWV Z
JHZLV HW DO VXPPDUL]H WKDW 7VKLUHJH OHPEHU VXEXQLWYV
DQG VHFRQGDU\ IHDWXUHV LQFOXGLQJ EXW QRW OLPLWHG WR
DOWHUDWLRQ DQG R[LGDWLRQ DQG UHODWLYH FRQWHQW RI SKH
H[DPSOH 4EW LV OLWKLF ULFK )LJXUH VKRZV D VFKHPDWLF JH]

(YLGHQFH IRUWKRVW 0D %DQGHOLHU HUXSWLRQV DVVRFLDWHG ZLW
FRPSOH[ LV ZHOO GRFXPHQWHG LQ WKH UHJLRQ :ROII *DUGQ
=LPPHUHU HW DO ODQ\ RI WKHVH YROFDQLF XQLWV HVSHFL
VWUDWLJUDSKLFDOO\ GLITHUHQWLDWHG SXPLFH XQLWV IRUP UHC
DGGLWLRQDO vwWUuDLQ JDXJHV IRU WKH GHWHUPLQDWLRQ RI VOLS
ZHOO DV NH\ VWUDWLJUDSKLF GDWXPV ZLWKLQ WUHQFKHYV H[FDYD)
GHO OHGLR GRPH FRPSOH[ ORFDWHG ZLWKLQ WKH QRUWKHDVW T X

SXPLFH GDWHG WR EHWZHHQ DSSUR[LPDWHO\ DQG 0D *DU(
DLU IDOO SXPLFH DVVRFLDWHG ZLWK PRDW UHODWHG UK\ROLWHYV
LQFOXGH WKH (O &DMHWH SXPLFH ! ND DV ERWK SULPDU

UHZRUNHG VHFRQGDU\ DUJLOODFHRXYVY SXPLFH =LPPHUHU HW DO
DQG (O &aDMHWH SXPLFH FDQ EH GLIITHUHQWLDWHG LQ KDQG VDPSO
IRUPHU SXPLFH =LPPHUHU HW DO

5)70$5*,1)$8/76

7KUHH PDMRU IDXOW V\VWHPV FRQWURO WKH 5*5 LQ WKH YLFLQLW
WKH 6DQJUH GH &ULVWR IDXOW V\VWHP 6G& WKH 6DQWD &ODUD
3)6 )LIXUHV 7KH 6G& IRUPV WKH VWHHS ZHVWHUQ ITURQW RI V
ZKLFK HIWHQG QRUWKZDUG LQWR VRXWKHUQ DQG FHQWUDO &ROR
WKH 7DRV EDVLQ 'HWDLOHG PDSSLQJ DQG SDOHRVHLVPLF WUHQFK
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WR WKUHH +RORFHQH VXUIDFH UXSWXULQJ HYHQWY KDYH RFFXUUH
DQG ODFKHWWH .HOVRQ HW DO OF&DOSLQ OHQJHV

7KH 6G& DQG 3)6 DUH VWUXFWXUDOO\ FRQQHFWHG E\ WKH ()6 ZK
DFFRPPRGDWH WKH SRODULW\ FKDQJH RI WKH KDOI JUDEHQV )LJ
DFFRPPRGDWLRQ JRQH DSSHDUV WR KDYH GHHS VWUXFWXUDO URF
JRU HI[DPSOH WKH ()6 LV DOLJQHG ZLWK WKH QRUWKHDVW WR HD
DVVRFLDWHG ZLWK D VWULQJ RI 4XDWHUQDU\ YROFDQRHV LQFOX
FDOGHUDYVY DQG WKH =XQL YROFDQR *UDXFK HW DO 7TKH PDI
30LRFHQH EDVDOW RI WKH 7DRY 30O0DWHDX RU KDV EHHQ HURGHG E
FDQ\RQ WKURXJK WKH (VSDxROD EDVLQ WR WKH QRUWKHDVW RI /$]
UHFHQW 4XDWHUQDU\ VXUILFLDO GHSRVLWY GLVSODFHPHQW KDV I
Dv ODWH 3OHLVWRFHQH DQG SRVVLEO\ HDUO\ +RORFHQH LQ DJH
()6 WKH ZHVWHUQ ERXQGDU\ RI WKH (VSDQROD EDVLQ LV IRUPHG
7KH ()6 LV SRRUO\ XQGHUVWRRG DQG KDV D SRRUO\ GRFXPHQW!
DO J)LIXUH 7KH 3)6 DQG 3DMDULWR IDXOW DUH GLVFXVVH

*,21$/6(,60,&,7<

(DUWKTXDNH DFWLYLW\ LQ 1HZ OH[LFR VLQFH KDV EHHQ UHODW
PRGHUDWH VL]H 0 HYHQWYV WKDW ZHUH EURDGO\ GLVSHUVHG W
REVHUYHG VHLVPLFLW\ LV ODUJHO\ XQUHODWHG WR DQ\ PDSSH
FRQFHQWUDWHG VHLVPLFLW\ DSSHDU WR EH UHODWHG PRUH WR YI
DO 5HIJLRQDO DQG ORFDO VFDOH VHLVPLFLW\ GR QRW GHOL
ULIW DOWKRXJK 1HZ OH[LFRYV ODUJHVW HDUWKTXDNHV 5LFKWHU
KDYH RFFXUUHG SUHGRPLQDQWO\ LQ WKH ULIW 6DQIRUG HW DO

HDUWKTXDNH ZLWKLQ WKH 5*5 Rl 1HZ OH[LFR ZDV SUREDEO\ WKH H
ZKLFK RFFXUUHG DV SDUW RI D VZDUP Rl HDUWKTXDNHV DURXQG
6DQIRUG HW DO DQG $V QRWHG SUHYLRXVO\ LQ :RQJ H'
ZHDN DOLJQPHQW DORQJ WKH -HPH] OLQHDPHQW ZKLFK UHSUHYV
OLRFHQH WR 4XDWHUQDU\ YROFDQLF FHQWHUV EHWZHHQ VRXWKH
$OGULFK *RIl HWKHO-HPH] 9ROFDQLF )LHOG LQFOXGLQJ WKH
FRPSOH[ ZHVW RI /RV $ODPRV LV ODUJHO\ DVHLVPLF B6DQIRUG HV
QRWH WKDW WKH HOHYDWHG FUXVWDO WHPSHUDWXUHV DV D UHVX
RI VHLVPLFLW\ DVVRFLDWHG ZLWK WKH 9DOOHV 7ROHGR FDOGHUTL
GLVFXVVLRQ RI VHLVPLFLW\ LQ WKH UHJLRQ VHH 6DQIRUG HW DO
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4.0 PAJARITO FAULT SYSTEM
7KH DSSUR[LPDWHO\ NP ORQJ QRUWK VWULNLQJ 3)6 ERXQGV WK

EDVLQ DQG WKH 5*5 )LIXUHYV DQG 7KH 3)6 FURVVHV WKH Z
LQFOXGHV D EURDG ! NP ZLGH FRPSOH[ ]JRQH RI GHIRUPHG 4XDW
GHSRVLWYV FKDUDFWHUL]J]HG E\ PXOWLSOH GLVFRQWLQXRXV IDXO
OF&DOSLQ :RQJ HW DO /IHZLV HW DO 7KH 3)6 LQFC

SDMDULWR IDXOW WKH 6DQWD &ODUD &DQ\RQ IDXOW 6&&) WKH !
ORXQWDLQ IDXOW *0) DQG WKH 6DZ\HU &DQ\RQ IDXOW 6&) *RII

'RQJ HW DO /IHZLV HW DO JLIXUH 7KLV GHILQLW
E\ :RQJ HW DO DQG /HZLV HW DO DOWKRXJK /HZLV HW D
SDMDULWR IDXOW"™ RQ VRPH ILIJXUHV 7TKH NP ORQJ HDVW GLSS

RI WKH 3)6 ZKHUHDV WKH VKRUWHU ZHVW GLSSLQJ *0) DQG 5&) Dl
WKH PDVWHU HDVW GLSSLQJ 3)6 7KH VPDOOHU ZHVW GLSSLQJ DQ\
VOLS WR WKH NP ORQJ HDVW GLSSLQJ 6&&) WR WKH QRUWK /HZ
VOLS WR WKH WUDQVYHUVH ()6 WR WKH QRUWKHDVW )LJXUH 7
RI WKH *0) DQG 5&) DQG LV PDSSHG DV D VKR UMRVHKIHVMD & WS 8HQ W LI
VHSDUDWLRQ FRQVLVWHQW ZLWK WKH PDVWHU 3)6 /HZLV HW DO
PHUJHV ZLWK WKH 6&&) DORQJ VWULNH WR WKH QRUWK QRUWKZHV!

FRQFOXGH WKDW QR RQH IDXOW FRQQHFWV WKH QRUWKHUQ :
LQVWHDG H[WHQVLRQDO VWUDLQ LV WUDQVIHUUHG DFURVV QXPH
IDXOWYV

‘'RQJ HW DO DQG /HZLV HW DO VXPPDUL]JHG SUHYLRXV V
LQ WKH ODWH TV DQG TV LQFOXGLQJ WKRVH E\ :RQJ HW DO
HW DO JHZLV HW DO /IDYLQH HW DO D E B6FKX:!

5HQHDX HW DO DQG *DUGQHU HW DO 7KH
/JHZLV HW DO VXPPDULHV SURYLGH D FRPSUHKHQVLYH VWUXIJ
XVHG WR HYDOXDWH GLVSODFHPHQW RI 4EW )LJXUHV DQG
WKDW DW WKH VXUIDFH WKH 3)6 LV D FRPSOH[ JRQH RI IDXOWV WKTE
VWULNH ,Q PRVW SODFHV IDXOWV FRPSULVLQJ WKH 3)6 FRQVLV)
DQG RU DQ *DUWLFXODWHG” PRQRFOLQDO IOH[XUH UDWKHU WKDQ
HW DO /JHZLV HW DO

IHZLV HW DO FRQFOXGHG WKDW WKH 3)6 IRUPV D WR P
DORQJ LWV OHQIJWK EHWZHHQ &RFKLWL LQ WKH VRXWKZHVW DQG .
DQG $QDO\VLV RI /L'$5 DQG RWKHU WRSRJUDSKLF GDWD DO
PRI YHUWLFDO RIIVHW HDVW VLGH GRZQ RI 4EW ZLWK WKH F
/IHZLV HW DO DQG YHUWLFDO RIIVHWY WDSHULQJ QHDU WKH
,Q DGGLWLRQ UHJLRQDO IDXOW PDSSLQJ GDWD VXJJHVW WKD!
QRUWKZDUG WKH VOLS LV WUDQVIHUUHG WR PXOWLSOH ZHVW DC
WDLO VWUXFWXUH WKDW LQFOXGHV WKH DQWLWKHWLF ZHVW GLSS
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7TKHVH DQWLWKHWLF IDXOWVY OLNHO\ UHSUHVHQW WUDQVIHU R
SDMDULWR IDXOW DQG WKH 6&&) $FRFHOOD HW DO WR WKH C

/JHZLV HW DO DOVR LQWHUSUHW WHFWRQLF UHODWHG JHRPF
YHUWLFDO GLVSODFHPHQW DORQJ WKH 3DMDULWR IDXOW WR EURE
VRXWKHUQ FHQWUDO DQG QRUWKHUQ VHH )LIXUHV DQG IR
JLIXUH DQG WH[W IRU GHILQLWLRQV 7KH 3KDVH WUHQFK V
QRUWKHUQ VHFWLRQ RI WKH 3) )LIXUHV DQG $ORQJ
GLVSODFHPHQW YDULHV IURP P LQ WKH VRXWK WR DV PXFK DV
JHUR ZKHUH WKH 3) DSSHDUV WR EUDQFK LQWR D VHULHV RI KRUYV
VW\OH RI IDXOWLQJ DORQJ WKLV VHFWLRQ RI WKH 3) LQFOXGHYV ID
$ DQG % )LIXUHYV DQG IHZLV HW DO DQG EHFRPHV FRI
VLGH GRZQ QRUPDO IDXOWV LQ WKH YLFLQLW\ Rl 6LWH & )LJXUH
IDXOW WUDQVLWLRQV WR D IDXOWHG PRQRFOLQH WR WKH QRUWK
IDXOWV VWUDQGY DQG GHFUHDVHV LQ VOLS VHH VFKHPDWLF IURF
7KLV VHFWLRQ RI WKH IDXOW LQFOXGHV DQ HDVWHUQ IDXOW
/JHZLV HW DO DQ XQQDPHG ZHVWHUQ VWUDQG WKDW KRVWYV
ZHVW VLGH GRZQ DQWLWKHWLF IDXOWV WKDW SDUDOOHO WKH PDL

RQJ HW DO HVWLPDWHG DQ DYHUDJH ORQJ WHUP YHUWLFDO
P RI bYHUDJH WKURZ DFURVV WKH 4EW 7 4EW FRQWDFW /HZL
vOLS UDWH HVWLPDWHY IURP OF&DOSLQ $IWHU FRQGXFWLQ.
WHPSRUDO YDULDWLRQ LQ VOLS UDWH DQG RWKHU XQFHUWDLQW]
PHDQ VOLS UDWH RI PP \U IXOO UDQJH LV WR PP \U

$(9,2863$/(26(,60,&819(67,*$7,216

SDOHRVHLVPLF LQYHVWLIJDWLRQVY KDYH EHHQ FRQGXFWHG DW VL
VXPPDU\ RI WKH ILQGLQJV RI WKHVH SUHYLRXV LQYHVWLJDWLRQV
UHVXOWYV IURP D WUHQFK VLWHYV DQG RQH GULOO KROH RQ WK
5&) DQG F WKUHH WUHQFK VLWHV RQ WKH *0) 7DEOH J)LIXUH
VLWHYV FRPSLOHG LQ 7DEOH *DUGQHU HW DO ZULWWHQ FRPPX(
DQG /HZLV HW DO LOQOWHUSUHW PXOWLSOH IDXOWLQJ HYHQW\
IDXOW RQ WKH EDVLV RI KLJK UHVROXWLRQ PDSSLQJ DQG DQDO\VI
7% *DUGQHU HW DO J)LIXUH

W LV QRWHZRUWK\ WKDW DOO RI WKH SUHYLRXV DQG FXUUHQW SD
WKH QRUWKHUQ SRUWLRQ RI WKH 3)6 LQ WKH YLFLQLW\ RI /$1/ DC
DFFHVV DQG DSSURYDO ZHUH UHODWLYHO\ HDV\ WR REWDLQ )LJX
KDYH EHHQ FRQGXFWHG RQ VHFWLRQV RI WKH 3DMDULWR IDXOW V
6&) )LIXUH 7KHVH IDXOW VHFWLRQV OLH RQ 8 6 'HSDUWPHQW
RU VRYHUHLJQ WULEDO FRPPXQLW\ ODQG DQG DWWHPSWV WR RE\
WR GDWH KDYH EHHQ XQVXFFHVVIXO 7KH ODFN RI SDOHRVHLVPLF
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FRQWLQXH WR FRQWULEXWH XQFHUWDLQWLHV LQ WKH WLPLQJ DQ
‘RQJ HW DO

6LQFH *DUGQHU HW DO ILUVW HI[FDYDWHG WUHQFK 6+7 LQ
7TDEOH SHULRGLF SDOHRVHLVPLF FDPSDLJQV KDYH EHHQ F
VHLVPLF VRXUFH FKDUDFWHUL]J]DWLRQ GDWD LQ VXSSRUW RI VLW
DQRDO\WHV ,Q SDUWLFXODU WKUHH VLIJQLILFDQW WUHQFKLQJ FDF
LQIRUPDWLRQ IRU 36+%$ XSGDWHV DW /$1/ 6LQFH WKH FRPSOHWL
FRQVLGHUDEOH DGYDQFHPHQWY KDYH EHHQ PDGH LQ UHJDUG WR
XVHG WR GHFLSKHU SDOHRVHLVPLF HYHQWYV OHDGLQJ WR JUHDWH
WR QHZHU GDWD ZKHQ LQWHUSUHWLQJ WKH ODWH 30HLVWRFHQH
WKUHH SUHYLRXVO\ SHUIRUPHG SDOHRVHLVPLF FDPSDLJQV LQFOX(

t:RQJ HW DO ,QYHVWLIDWLRQVY DW VHYHQ VLWHY SHUIRUF
JHGHUDO 6HUYLFHV DQG :LOOLDP /HWWLV $VVRFLDWHV ZLWK
RI' D FRPSUHKHQVLYH VHLVPLF KD]JDUG HYDOXDWLRQ IRU /$1/

t0F&DOSLQ + $ WKUHH SKDVH VWXG\ FRQGXFWHG LQ
*(2+$= &RQVXOWLQJ ,QF DOVR ZLWK /$1/ ((6 VWDII DVVLVWD (
GHWDLOHG PDSSLQJ RI WKH 3)6 QHDU /$1/ OF&DOSLQ IRO(
DFURVV WKH 3DMDULWR IDXOW HVFDUSPHQW DORQJ ZKLFK VHYF

OF&DOSLQ DQG FRQFOXGHG ZLWK DQRWKHU VHYHQ WUH
YDULRXV ORFDWLRQV RQ WKH 3) ZHVW RI /$1/ DQG VRXWK RI WK
,Q SDUWLFXODU WUHQFKHYV DQG OF&DOSLQ HW DO

WKLV VWXG\TV 6LWHV % DQG & DQG ZHUH XVHG WR KHOS ORFDW

YLIXUH 6HH 6HFWLRQ IRU IXUWKHU GHVFULSWLRQ RI WKH

$1/$1/ 6WXGEHWWDULRXV LOQYHVWLIJDWLRQV FRQGXFWHG E\ /$1/ ((6 '
DQG HDUO\ TV LQFOXGHG WUHQFKLQJ RI DQ DQWLWKHWLF ID
(PHUJHQF\ 2SHUDWLRQV &HQWHU 5HQHDX HW DO DQG WL
IDXOW DW &KXSDGHURV &DQ\RQ QRUWK RI /$1/ *DUGQHU HW D
/L'$5 LPDJHU\ KLJK SUHFLVLRQ PDSSLQJ DQG DQDO\VLV RI GU
WHFKQLFDO DUHDV *DUGQHU HW DO *DUGQHU HW DO

DO

7KHVH LQYHVWLIJDWLRQV UHGXFHG WKH XQFHUWDLQW\ UHODWHG
HYHQW FKURQRORJ\ RQ WKH 3)6 KRZHYHU PDQ\ TXHVWLRQV UHPDL
RI WKH 3)6 7KLV LV ODUJHO\ GXH WR VHYHUDO IDFWRUV WKDW OHC
VWUDWLJUDSK\ GLVWULEXWHG DQG FRPSOH[ JHRPHWU\ RI WKH
DFURVYVY PDQ\ IDXOW VWUDQGYV PRQRFOLQDO IOH[XUH DQG IRO
JHRPRUSKLF VHWWLQJ WKDW LV JHQHUDOO\ GRPLQDWHG E\ HURVL
SODWHDX HYHQ LQ WKH KDQJLQJ ZDOO RI WKH 3)6 LQ D IRUHV)
VHFWLRQV RI VWUDWLJUDSK\ DUH PLVVLQJ DQG VWULSSHG VRLOV
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UHFRUG LV ORFDOO\ LQFRPSOHWH )LQDOO\ ODUJH XQFHUWDLQWL
GXH WR XQFHUWDLQW\ LQ DQG EHWZHHQ GDWLQJ PHWKRGV DQG L
PDGH LW FKDOOHQJLQJ IRU SDVW UHVHDUFKHUVY WR FRUUHODWH II
7KLV KDV OHG WR D ODUJH RYHUDOO XQFHUWDLQW\ LQ WKH HDUWK

$(9,286&8+5212/2*< 2)685)$&()$8/7,1*(9(176 21 7+3)6

'XH WR WKH FKDOOHQJHV GHVFULEHG DERYH PXOWLSOH +RORFH(
EHHQ LQWHUSUHWHG IRU WKH 3)6 (VWLPDWHYV RI WKH QXPEHU RI +
RQH OF&DOSLQ WR WZR :RQJ HW DO WR DV PDQ\ DV W
HW DO 'RQJ HW DO FRPSLOHG D VXPPDU\ WDEOH RI WKH
IRU SRVW 4EW GHSRVLWV ZKLFK LV UHSURGXFHG KHUHLQ DV 7DI
FRUUHODWH HYHQWY LGHQWLILHG DW GLIIHUHQW VLWHV EDVHG R
DQG DOO DYDLODEOH GDWD DW WKH WLPH :RQJ HW DO

7TDEOH VKRZV PLQLPXP DQG PD[LPXP DJH FRQVWUDLQWY LQ ND
HDFK RI WKH SUHYLRXV LQYHVWLIJDWHG SDOHRVHLVPLF VLWHV 7K
DO DFURVV WKH HQWLUH 3)6 DVVXPLQJ D PLQLPXP QXPEHU D
WKURXJK 3 ROGHVW $W VHYHUDO VLWHV HJ WUHQFKHV D
WLPLQJ FRQVWUDLQWY DUH VR SRRU DV WR SUHFOXGH FRUUHODWIL
LQIRUPDWLRQ VKRZQ LQ 7DEOH DV WR WKH W\SH RI GDWD SU|
UDGLRFDUERQ FDOHQGDU FRUUHFWHG JUHHQ IRU OXPLQHVFHQF|
IRU VRLO 3', EDVHG DJH HVWLPDWHY DQG SXUSOH IRU $U $U

:RQJ HW DO DOVR VKRZ LQ 7DEOH WKHLU OHYHO RI FRQIL!
RFFXUUHG RU LQ WKHLU FRUUHODWLRQ RI WKDW HYHQW EHWZHI
DPELIJXRXV HYLGHQFH RI FRVHLVPLF UXSWXUH DQG RU DUH SRVVL
DUH VKRZQ LQ 7DEOH ZLWK LWDOLFV )RU H[DPSOH WKH 3 HYH

LV LWDOLFL]HG EHFDXVH HYLGHQFH IRU WKLV HYHQW LV DPEL.
XQFHUWDLQ RU DPELJXRXV IDXOWLQJ HYHQWYV LQFOXGH WKRVH HJ:!
:DWHU 7DQN VLWH EHFDXVH WKH REVHUYHG RU LOQWHUSUHWHG Gl

7TDEOH  QWHUSUHWDWLRQ RI \RXQJ IDXOWLQJ HYHQWYV IURP ER

ZDV DOVR FRQVLGHUHG DPELJXRXV E\ :RQJ HW DO EHF
H[SODLQHG E\ QRQ WHFWRQLF SURFHVVHVY RU WKH HYLGHQFH LWV}

$QRWKHU LPSRUWDQW GHWDLO VKRZQ E\ :RQJ HW DO LQ 7DE(
HYHQW FHOO LQGLFDWHYV ZKHUH RWKHU FRUUHODWLRQV RU DOWH
UHPDLQ EURDG *UD\ VKDGLQJ LQ D FHOO LQGLFDWHVY WKDW VWUD\
SUHFOXGH RFFXUUHQFH RI WKH HYHQW DW WKDW VLWH /IDVWO\

HYHQWYV ZKHUH WKH WLPLQJ RI LQGLYLGXDO HDUWKTXDNHYVY LV XQI
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:RQJ HW DO XVHG 7DEOH WR GHPRQVWUDWH WKDW PXOWLS
DQG SRVVLEO\ DV PDQ\ DV SURYLGHG VWUDWLJUDSKLF DQG VWL
IDXOWLQJ RQ WKH 3)6 7KLV HDUWKTXDNH WLPLQJ FRPSLODWLRC
+RORFHQH HYHQW 3 WR 3 K\SRWKHVLV RQ WKH 3)6 XVHG LQ WKH
WKH \RXQJHVW HYHQW REVHUYHG RQ WKH 3)6 (YHQW 3 ZDV LGH

DQRG D DQG SRVVLEO\ REVHUYHG LQ WUHQFK DQG LQ ERUHKRO
FRQVWUDLQ WKH WLPLQJ RI WKLV IDXOWLQJ HYHQW EHWZHHQ W
/IHZLV HW DO 7TDEOH RQJ HW DO XVHG WKLV FRPSLO

+RORFHQH IDXOWLQJ HYHQW RQ WKH 3DMDULWR IDXOW LV QRW RE

'RQJ HW DO LGHQWLILHG WKH QH[W \RXQJHVW IDXOWLQJ HYH
&DQ\RQ WUHQFK VLWH RQ WKH *0) GDWHG DV PLG +RORFHQH EHW:
UDGLRFDUERQ DQDO\VHV *DUGQHU HW DO RQJ HW DO

RYHUODSV ZLWK WKH \RXQJHVW IDXOWLQJ REVHUYHG DW WKH &K
FRUUHODWH WR WKH \RXQJHVW HYHQW DW RWKHU VLWHV HJ 7U
3) KRZHYHU WKH DJH FRQVWUDLQWYV IRU WKHVH 3) VLWHV DUH EU
WHFKQLTXHV OHDGLQJ WR XQFHUWDLQW\ LQ WKLV FRUUHODWLRQ

"'RQJ HW DO UHSRUW ODUJHU XQFHUWDLQWLHV IRU WKH RFFX
3)6 7DEOH (YHQW 3 ZDV SRVVLEO\ LGHQWLILHG LQ 7UHQFK
EHWZHHQ DQG ND EDVHG RQ UDGLRFDUERQ DQDO\VHV 5HQHD

FRQFOXGHG WKDW WKH VWUDWLJUDSKLF HYLGHQFH DWWULEXWHG
HTXLYRFDO KRZHYHU LW FRXOG EH LQVWHDG UHODWHG WR D \RX(

QR HYHQW DW DOO 5HQHDX HW DO ,Q 7TDEOH WKHUHIRUH
7TUHQFK (2& LV UHFRUGHG FRQVHUYDWLYHO\ DV EHWZHHQ DQG
WLPLQJ IRU (YHQW 3 ZKLFK RYHUODSV ZLWK (YHQW 3 "RQJ HW

WUHQFK PD\ UHSUHVHQW HYLGHQFH IRU RQO\ RQH HYHQW ZKLFK |
DW WKH &DEUD &DQ\RQ VLWH )LIXUH

2YHUDOO WKH FRUUHODWLRQV SUHVHQWHG LQ :RQJ HW DO \
WKUHH VXUIDFH IDXOWLQJ HYHQWY KDYH RFFXUUHG RQ WKH 3)6 V
KDYH RFFXUUHG VLQFH a ND EDVHG RQ OXPLQHVFHQFH DJH RI
VHH 7DEOH RQJ HW DO VXPPDUL]H WKH HDUWKTXDNH WL
DVIROORZV ZKHUH 3%) 5& DQG *O0 SDMDULWR *XDMH ORXQWDLC
UHVSHFWLYHO\ DV GHILQHG LQ WKLV VWXG\

3$W OHDVW WZR DQG SUREDEO\ WKUHH VXUIDFH IDXOWLQJ H
ND HYHQWYVY 3 3 DQG 3 RFFXUUHG EHVWZHHQ ND DQG N

37KH PRVW UHFHQW HYHQW RQ WKH 3$) (YHQW 3 GLG QRW
IDXOWV 7DEOH ,Q FRQWUDVW (YHQW 3 RQ WKH 3%$) OLNH
*0 EXW QRW WKH 5& DQG (YHQW 3 RQ WKH 3$) OLNHO\ UXSWXU
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QRW WKH *0 7DEOH +RZHYHU ZH FDQQRW SUHFOXGH LQGH
*0 GXULQJ 3 RU RI WKH 3%) DQG 5& GXULQJ 3 VLQFH WKHVH HY
LQ WLPH GXH WR WULJIJHULQJ DQG WKXV LQGLVWLQJXLVKDEOH

7KH HDUWKTXDNH WLPLQJ GDWD SUHVHQWHG LQ 7DEOH DUH UH
WKH GDWD FROOHFWHG DV SDUW RI WKLV FXUUHQW SDOHRVHLVPL
VSHFLILF WUHQFKLQJ VWXGLHYVY SUHYLRXVO\ SHUIRUPHG ZLWKLQ W
DUH GLVFXVVHG LQ 6HFWLRQ

G16( 2)6/,3 $1'6/,3"' ,5(&7,21 21 7306

$V DQ DFWLYH FRPSRQHQW RI WKH 5LR *UDQGH ULIW WKH 3)6 DFFI
ZLWK WKH GRPLQDQW VHQWHVKIHVIORL BV BRUPBAAQXOWLQJ H J 3D
DQG 6&) DQG D OHVVHUVWWRN@M\RV @RIUPDO IDXOWLQJ DORQJ DQ\
VWUXFWXUHY HJ 5&) DQG *0) 7KH RYHUDOO VWUXFWXUDO UHO|
E\ WKH ®MZIQH HDVW VHSDUDWLRQ PHDVXUHG RQ 4EW DFURVV WKH
DO JLIXUH .LQHPDWLF LQGLFDWRUV RI VOLS DUH OLPLWH
"LQWHU LQGLFDWH UDNHV RI f WR f DQG VRPH DV VKDOOF
GLSSLQJ 5&) DQG *0) $V SDUW RI WKLV VWXG\ KHUHLQ JHRORJLI
,QWHULRU %DQGHOLHU 1DWLRQDO ORQXPHQW ODQGV VKRZHG VLPL
VWULDH WRDWR WKNHQRUWK LQGLFDWLQJ D PLQRU FRPSRQHQW RI O
HDVW GLSSLQJ QRUPDO IDXOW )LJXUH

*HQHUDO RINQYH LQGLFDWLRQV ZHUH H[SRVHG LQ PRVW RI WKH S
7DEOH DQG DUH FRQVLVWHQW ZLWK WKH SUHYLRXV VXUILFL
1XPHURXV H[SRVXUHV Rl WHQVLRQ ILVVXUHV RSHQ YRLGV LQ EH(
VWUDWLJUDSKLF GLVSODFHPHQYW\K H H®LAD \@ R URPHQ DIDXOO @R DQ DF U
RYHUDO@WRYREQZHVW QRUPDO IDXOWLQJ DFURVV WKH 5&) DQG *0)
VRPH WUHQFKHY RQ WKH 3DMDULWR IDXOW H J 7UHQFK OF&D
EHGURFN VWUXFWXUHV VXJJHVWLYH Rl GRPLQR VW\OH IDXOWLC
HIWHQVLRQ )LJXUH

'"HVSLWH WKH DEXQGDQFH RI JHQHUDO VHQVH RI VOLS LQGLFDWR
LQGLFDWRUV VXFK DV IURP VOLFNHQVLGHV RU SLHUFLQJ SRLQ
GRFXPHQWHG LQ PRVW SUH SDOHRVHLVPLF VWXGLHV :RQJ HYV
OF&DOSLQ 5HQHDX HW DO $Q H[FHSWLRQ LV DOR(
VOLFNHQVLGHY ZHUH PHDVXUHG DW ERWK WKH &DEUD &DQ\RQ DQ

DQG ZKLFK VKRZ FRPSOH[ SDWWHUQV ZLWK UDNHV WKDW YDU\
&DEUD &DQ\RQ GLVSODFHPHQWYVY DSSHDU GRPLQDQWO\ YHUWLFD(
VWHHSO\ WR WKH VRXWK VXJJHVWLQJ D VPDOO OHIW ODWHUDO
VOLFNHQVLGHY H[SRVHG LQ FOD\ JRXJH DW WKH &RXQW\ /DQGILOO
VOLS RQ D VWUDQG RI WKH 5&) RQJ 5IWUMDWGOHVYV )MWKHH[SRVXUF
&RXQW\ /DQGILOO &DEUD &DQ\RQ DQG &KXSDGHURV &DQ\RQ VLWH'
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HYLGHQFH IRU D VPDOO FRPSRQHQW RI ODWHUDO VOLS WKDW UHF
DOWKRXJK DOO RI WKHVH VLWHV ZHUH RQ VXEVLGLDU\ VWUXFWXU
SUHFOXGHG IRU WKH 3)6 HVSHFLDOO\ JLYHQ LWV JHRPHWULF FRF
FRQQHFWLRQ DW LWV QRUWKHUQ HQG ZLWK WKH QRUWKHDVW VWU

' 63/$&(0(1B(5(9(17 21 7+3)6

B3UHYLRXV SDOHRVHLVPLF VWXGLHY SURYLGH GLVSODFHPHQW SHU
ZKHUHDV GLVSODFHPHQWY SHU HYHQW KDYH QRW EHHQ PHDVXUH
FRPSOH[ PRQRFOLQDO VWUXFWXUH DQG GLVWULEXWHG QDWXUH |

SDOHRVHLVPLF WUDQVHFW DOR®E6NLWR MY ERPOWKHGZBSOD
HYHQW IRU WKH \RXQJHVW HYHQW RU DQ\ RWKHU HYHQW GXH WR
IDXOW JRQH ,Q FRPSDULVRQ DW WKH *XDMH 3LQHV VLWH RQ WKF
YHUWLFDO GLVSODFHPHQW RI “ P EDVHG RQ WKH WKLFNQHYV
*DUGQHU HW DO VXJJHVWHG WKDW WKHUH ZDV DW OHDVW |
05( DW WKH &DEUD &DQ\RQ VLWH ZKHUHDV DW WKH &KXSDGHURYV
PHDVXUHG PRI YHUWLFDO GLVSODFHPHQW RQ IOXYLDO VHGLPHC
7KHVH UHSUHVHQW YHU\ ODUJH FRVHLVPLF GLVSODFHPHQWYV ZKH (
5&) DQG *0) 7KLV DSSDUHQW LQFRQVLVWHQF\ LQ IDXOW OHQJWK Y
&RSSHUVPLWK OHG :RQJ HW DO WR FRQFOXGH WKDW WK
DGMDFHQW VWUXFWXUHV VXFK DV WKH 3DMDULWR IDXOW WR WKF
WKDQ LQGHSHQGHQWO\
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5.0 METHODOLOGY

7KH 3KDVH SDOHRVHLVPLF LQYHVWLIJDWLRQ RI WKH 3IDMDULWR 1D

JHRPRUSKLF DQG JHRORJLF PDSSLQJ HIFDYDWLRQ DQG GRFX
VLWHYV GDWLQJ RI VHGLPHQW VDPSOHV XVLQJ PXOWLSOH WHEFK
DQ HYHQW FKURQRORJ\ H[SHUW SHHU UHYLHZ DQG UH HYDGC
GDWD DQG LQWHUSUHWDWLRQV PDGH SULRU WR LQ FRQMXQFV
SDOHRVHLVPLF LQYHVWLIJDWLRQV (DFK RI WKHVH WDVNV DUH GH)

67(,(17,),8&%$7,21 $0'$33,1*

7R LPSURYH WKH XQGHUVWDQGLQJ RI SRVW %DQGHOLHU 7XII VWI
SDOHRVHLVPLF WUHQFKHYV DW 6LWHV $ % DQG & WKH *HRORJLF 0
SHUIRUPHG JHRORJLF ILHOG PDSSLQJ DORQJ D NP ORQJ VHFWLI
&DQ\RQ LQ WKH VRXWKZHVW WR 3DMDULWR &DQ\RQ LQ WKH QRUWK
RI WKH ILHOG PDSSLQJ ZHUH WR FRQILUP DQG DXJPHQW H[LVWL«
GHVNWRS VWXG\ SDUWLFXODUO\ XQLWV WKDW SRVW GDWH WKH 7
LQYHVWLIJDWH PDSSHG IDXOW H[SRVXUHV DQG LGHQWLI\ W
SIHRVHLVPLF VLWH 7KH SXUSRVH RI WKH JHRORJLF PDSSLQJ LV Wi
SURSRVHG H[FDYDWLRQV LQWHUVHFW ODWH 30HLVWRFHQH WR +R
ZLWK PLQLPDO VWUXFWXUDO FRPSOH[LW\

$V SDUW RI WKH RIILFH EDVHG SUHSDUDWLRQ IRU PDSSLQJ /&, FRI
SHHU UHYLHZHG MRXUQDO DUWLFOHYVY DQG GLVVHUWDWLRQV JHRC(
6XUYH\ 86*6 10%*05 DV ZHOO DV SXEOLVKHG DQG XQSXEOLVKH
HYDOXDWLRQV E\ /$1/ 'DWD VRXUFHV XVHG KHUHLQ DUH FLWHG L
UHYLHZHG DQG DQDO\]HG H[LVWLQJ /L'$5 VORSH PDSV DQG KLOOVK
E\ /$1/ LVVXHG IDWLRQDO (OHYDWLRQ 'DWDVHW 1(' P DQG
'(0 86*6 DQG DHULDO SKRWRJUDSKV WR LGHQWLI\ DQG HYDC
IHDWXUHV WKDW FRXOG EH IDXOW UHODWHG $QDO\VLVY DQG LQWH
DUHDV DORQJ WKH SUHYLRXVO\ PDSSHG DQG RU SRWHQWLDOO\ DF

7KH JHRORJLF PDSSLQJ LQYROYHG VWDQGDUG JHRORJLF ILHOG PD
ILHOG REVHUYDWLRQV DQG JURXQG EDVHG SKRWRJUDSK\ /RFDWLR
KDQG KHOG *36 VPDUW SKRQH RU SORWWHG LQGLYLGXDOO\ RQ
JHRORJLF GDWD H J RULHQWDWLRQV RI EHGGLQJ IDXOW SODQH’
DQG NLQHPDWLF VOLS LQGLFDWRUY ZHUH FROOHFWHG XVLQJ VW
GHYLFHV H J ILHOG FRPSDVYV *HRORJLF PDSSLQJ ZDV DXJPHQ
WUDQVHFWY DW WKH SRWHQWLDO WUHQFK VLWHV WR DVVHVV WKH
DQG FROOXYLDO GHSRVLWY DW HDFK VLWH DQG WR JDLQ D SUH(
EHGURFN PRUSKRORJ\ ([LVWLQJ RXWFURS H[SRVXUHV ZHUH VDPSC
RU VRLO SLFNV 7KH ILQDO JHRORJLF PDSV DQG WHFKQLFDO PHPRL
7KLY QHZ JHRORJLF PDSSLQJ LV UHIHUHQFHG WKURXJKRXW WKH U
.HOOH\ DQG LV SUHVHQWHG RQ WKH JHRORJLF PDSV IRU 6LWI
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$IWHU JHRORJLF PDSSLQJ IRU 3KDVH ZDV FRPSOHWHG /&, DQG /%!
WR GLVFXVV WKH UHVXOWY RI WKH PDSSLQJ DQG SURSRVHG WUHQ
WHDP DJUHHG RQ WKH SURSRVHG WUHQFK ORFDWLRQV DW 6LWHV $
WR SURFHHG ZLWK SDOHRVHLVPLF WUHQFKLQJ SHQGLQJ HQYLUF
SHUPLVVLRQV

3/(26(,60,&5(1&+,1*

7ZR 3DOHRVHLVPLF WUHQFKHV ZHUH H[FDYDWHG DFURVV WKH 3DM
6LWH $ DQG 6LWHV % DQG & DGMDFHQW WR VLWHYV

OF&DOSLQ %HIRUH WUHQFK H[FDYDWLRQ WKH WUHQFK ORFDYV
XWLOLWLHV WKURXJK /$1/ HIFDYDWLRQ SHUPLW SURFHGXUHV DQG |
HQYLURQPHQWDO VSHFLDOLVWYVY IRU WKH SUHVHQFH RI VHQVLWLY
WUHQFK ORFDWLRQV ZHUH VHOHFWHG LQ SDUW GXH WR HQYLUR
VXUYH\V ORJLVWLFDO FRQVWUDLQWY DQG H[LVWLQJ VLWH JHROR

7KH WUHQFKHY ZHUH H[FDYDWHG E\ ODUFRQ ([FDYDWLQJ ,QF X
HIFDYDWRU 7UHQFK zZDOOV ZHUH VWDELOL]J]HG ZLWK K\GUDXOLF |
VWDQGDUGY DQG DOO LQGLYLGXDOV ZRUH SHUVRQDO SURWHFWL"®
/$1/ UHTXLUHPHQWYV $IWHU D WUHQFK ZDV H[FDYDWHG DQG K\GI
FRPSOHWHG WKH IROORZLQJ DFWLYLWLHVY WR SUHSDUH VWXG\ DQC

$00 WUHQFK ZDOOV ZHUH VFUDSHG RU 3FOHDQHG ~ WR UHPR)
SURYLGH IUHVK H[SRVXUHV Rl VWUDWLJUDSK\ IDXOW JRQHV I
.H\ JHRORJLF DQG SHGRORJLF FRQWDFWV ZHUH LGHQWLILHG W
FRQWH[W DFURVV WKH WUHQFK
$ KRULIRQWDO OHYHO GDWXP DQG JULG ZDV HVWDEOLVKHG
OHYHO SOXPE ERE DQG D FRQWUDFWRUfV OHYHO
7KH WUHQFK ZDOOV ZHUH SKRWRJUDSKHG IRU DVVHPEO\ RI I
$JLVRIW FRPSXWHU VRIWZDUH
6WUDWLJUDSKLF FRQWDFWV IDXOWV ILVVXUH ILOOV DQG RV
ZHUH LGHQWLILHG DQG IODJJHG XVLQJ QDLOV DQG FRORUHG V
7KH WUHQFKHV ZHUH ORJJHG DW D VFDOH RI LQ P RU
GHSLFW OLWKRORJ\ FRQWDFWV EHWZHHQ XQLWV VXEXQLW\
GLVFRQWLQXLWLHY DQG IDXOW UHODWHG VWUXFWXUHV 7KH
DUH SUHVHQWHG LQ 30DWHV WKURXJK
7KH RXWOLQH HGJHV DQG HQGV RI WKH WUHQFKHV DW 6LWH)
UHSUHVHQWDWLYHV XVLQJ D KDQG KHOG *36 GHYLFH 7ULPE
PRGHO 6LWH $ WUHQFK ERXQGDULHV ZHUH VXUYH\HG E\ D OLH
&RPSDQ\ //& XVLQJ D 57. *36 7KH ORFDWLRQV DUH FRQVLGHU
P
$IWHU GDWD FROOHFWLRQ FRQFOXGHG WKH WUHQFKHV ZH!
RULJLQDOO\ H[FDYDWHG PDWHULDOV WKH VLWHV ZHUH UHVWF
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FRQGLWLRQ E\ ODUFRQ XQGHU JXLGDQFH IURP /&, DQG /$1/
EURDGFDVW DQG HURVLRQ ZDWWOHYV SODFHG LQ RUGHU WR F
VLWHV )LQDO DSSURYDO RI VXLWDEOH WUHQFK EDFNILOOLQ
/$1/ RIILFLDOV DQG 8 6 )RUHVW 6HUYLFH UHSUHVHQWDWLYH\
/$1/ SURSHUW\ ERXQGDULHYV

7UHQFK ORJV DUH SURYLGHG RQ 30DWHV WR YLIXUH LOOXV\
RQ HDFK WUHQFK ORJ LQFOXGLQJ WKH XQLQWHUSUHWHG SKRWRPF
VWUXFWXUDO PHDVXUHPHQWY DQG ORFDWLRQ RI WHVWHG JHRI
LOQWHUSUHWHG WUHQFK ORJV ZLWKLQ IDXOW JRQHV DOVR DUH SUR
7KH UHDGHU LV HQFRXUDJHG WR UHYLHZ WKH IXOO VFDOH WUHQF
H[SRVXUHV LQ WKH SODWHV WR XQGHUVWDQG DOO WKH LQIRUPDW

'"HVFULSWLRQV RI JHRORJLF XQLWV REVHUYHG LQ WKH WUHQFKHYV
WKH 8QLILHG 6RLO &ODVVLILFDWLRQ 6\WVWHP 86&6 $670 DQG
VWDQGDUGY *HRORJLF XQLWV ZHUH GHOLQHDWHG EDVHG RQ SK
FRQVLVWHQF\ DQG VWUXFWXUH DQG GLIIHUHQFHV LQ JUDLQ VL]
JUDYHO VDQG DQG ILQHV FODVW FRPSRVLWLRQ DQG GHJUHH RI
DUH GU\ FRORUV 6RLOV ZHUH GHVFULEHG E\ /&, VWDIl DV ZHOO D\
SHGRORJLF QRPHQFODWXUH HVWDEOLVKHG E\ %LUNHODQG $

7KH H[SRVXUHV ZHUH REVHUYHG LQ WKH ILHOG E\ /&, WHDP PHPEHL
DQG WKH ([WHUQDO ([SHUW 5HYLHZ 7HDP ((57 .DWKU\Q +DQVRQ
&URQH 8 6 )RUHVW 6HUYLFH RIILFLDOV DQG 'HIHQVH 1XFOHDU )L
/ILVD 6FKOHLFKHU DQG -RQDWKDQ 30DXH 7KH VFLHQWLILF DQDO
DUH GLVFXVVHG LQ 6HFWLRQ

*(2&+5212/2*<6$03/,1* $1'$1$/<6(6

6HYHUDO PHWKRGYV ZHUH XVHG WR HVWLPDWH WKH DJH RI WKH

HIFDYDWLRQV 7KH\ LQFO& GGDWDL®UR BBPIGRFEORILF GHYHORSPHQW VR
DQG 3',1vV OF'RQDOG HW DO OXPLQHVFHQFH GDWLQJ JHRF
DVK WHSKUD DQG SDOHRPDJQHWLF DQDO\WVLV 7KH SXUSRVH RI X
HVWLPDWH WKH DJH RI WKH JHRORJLF GHSRVLWY H[SRVHG LQ WKH
Rl SDOHRVHLVPLF HYHQWY 7KH DJH RI D JHRORJLF GHSRVLW FDQ
DQEDO\]ILQJ D SLHFH R 6RMWUKRDO EDQDO\N]LQJ PLQHUDO JUDLQV IUR
ZKHQ WKH GHSRVLW zZDV ODVW H[SRVHG WR VXQOLJKW H J OXP
GHJUHH RI VRLO GHYHORSPHQW ZLWKLQ D GHSRVLW FRUUHOD
JHRFKHPLFDO DQDO\VLV ZLWK D ORFDO RU UHJLRQDO GHSRVLW W
HYDOXDWLQJ WKH SUHVHUYHG PDJQHWLF ILHOG RI WKH HOBUWK DW
HJ SDOHRPDJQHWLVP
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5DGLRFDUERQ $QDO\VLV

5DGLRFDWERIDWLQJ LV RQH Rl WKH ROGHVW DQG EHVW XQGHUVWRI
GHYHORSHG E\ /LEE\ DQG -RKQVRQ PRUH WKDQ D KDOI FHQW
DOPRVW DQ\ GHFHDVHG PDWHULDO WKDW FRQWDLQHG RUJDQLF F
VWUXFWXUH ,Q BR&/DWERVHW DSSOLHG WR FKDUFRDO GHULYHG IU
HVSHFLDOO\ WR WKDW Rl EXUQHG &V UK HW R G R AHRE LR PBKIE ROQV PR V
VSDOODWLRQ RI QLWURJHQ IURP FRVPLF UD\ ERPEDBBPW®W Ot
DWPRVSKHUH DV SDUW Rl QRUPDO DVSLUDWLRQ GX&UEQ D& KRWRR/Q
WKH DWPRVSKHUH DW WKDW WLPH $V WUHHV JURZ DQG DGG DQQX
H[FKDQJH JDVHV ZLWK WKH DWPRVSKHUH DQG WKX& BROWHQWH D
GXULQJ WKHLU \HDU Rl JURZWK ORGHUQ ODERUDWR&WRDQDO\VLV X
\HDUV UDWKHU WKDQ WKH WUXH KDOI OLIH RI “ \HDUV ZKLF
DERXW  WR ND DSSUR[ WR KDOI OLYHV $V D UDGLRFDUE
HDVLHU WR RYHUZKHO R MWRD ®WKURRIK FRQWDPLQDWLRQ DQG DV
SRVVLEOH WR REWDLQ D VWDWLVWLFDOO\ UREXVW GDWH L H \RX
VDPSOH ZKLFK KDV EHHQ FRQWDPLQDWHG

,Q WKLV VWXG\ ZH VXEPLWWHG GHWULWDO FKDUFRDO VDPSOHYV |
$SSHQGL[ & 'HWULWDO FKDUFRDO ZDV IRXQG RQO\ LQ WKH QHI
\RXQJHU DOOXYLDO DQG IOXYLDO VHGLPHQWY ,QGLYLGXDO FKXQN
GLIIHUHQW VWUDWLJUDSKLF XQLWV H[SRVHG LQ WKH WUHQFK ZDO
LQHUW IRLO 7R HQVXUH WKDW VDPSOHV ZHUH QRW FRQWDPLQI
SUHVHQFH Rl EXUQW URRWY FDUH ZDV WDNHQ LQ VHOHFWLQJ V
DGYHUVH FRQGLWLRQV 'HWULWDO FKDUFRDO VDPSOHV FRQVLGH
UHSUHVHQWLQJ WKH DSSUR[LPDWH GHSRVLW DJH ZHUH WUDQVIHU
'LHJR 6WDWH 8QLYHUVLW\ 6'68 8QGHU WKH VXSHUYLVLRQ RI
*HRFKURQRORJLVW IRU WKLV SURMHFW )LJXUH WKH VDPSOHYV :
D — VFUHHQ RYHQ GULHG DQG WKHQ SLFNHG XQGHU D PLFURVF
UHPRYH DQ\ IRUHLJQ PDWHULDO VXFK DV ILQH URRWOHWY WKDW F
7KH FRQFHQWUDWHG FKDUFRDO VDPSOH ZDV WKHQ ZHLJKHG DQG

WKH &$06 IDFLOLW\ DW 8& ,UYLQH

$W 8& ,UYLQH HDFK VDPSOH ZDV SUHWUHDWHG ZLWK WKH VWDQC
UHPRYH DOO VHFRQGDU\ FDUERQDWHY DQG RUJDQLF DFLGV WKDW
ZKLOH LQ VLWX LQ WKH VHGLPHQWY H[SRVHG LQ WKH WUHQFKHYV
FRQYHUWHG WR JUDSKLWH DQG WKH JUDSKLWH ZDV SDFNHG LQWR
$06 DQDO\VLV ZKLFK GLUHFWO\ & R (QD/MOVEWIXW RPXP EZTHKBH BIIJH RI W
VDPSOH LV FDOFXODWHG&IODRE VWORNHR PY WERURIBFWHMG IBRHUFHQWDJI
PRGHUQ DQG UHSRUWHG LQ UDGLRFDUERQ \HDUV % 3
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&DOLEUD W L&ROWD

7TKH& FRQWHQW RI WKH DWPRVSKHUH KDV IOXFWXDWHG RYHU WLI
UHTXLUH FDOLEUDWLRQ 7KLV LV HVSHFLDOO\ WUXH IRU PRGHUQ VI
E\ SERPE FDUERQ "~ $ FDOLEUDWLRQ FXUYH KDV EHHQ GHYHORSHCGC
YDUYHV DQG RWKHU GDWHDEOH OD\HUV RI NQRZQ &DVRHDGDOHV W U’
WKHLU DSSDUHQW UDGLRFDUERQ DJH DV D IXQFWLRQ RI WKHLU W
N\U LV EDVHG DOPRVW HQWLUHO\ RQ WUHH ULQJ GDWD DQG LV |
OLYLQJ DQG GHDG WUHHV FDQ EH GLUHFWO\ FRXQWHG WR GHWHU
TUXPERUH ,QGLYLGXDO RU JURXSV RI ULQJY DUH WKHQ L
FDOLEUDWLRQ FXUYH S5HLPHU HW D& GDWHV KN RBRALEWDQYGRQ RIS
DQG LV DXWRPDWHG ZLWK WKH RQOLQH SURJUDP 2[&DO KWWS"®
5DPVH\ ZKLFK DFFRXQWYV IRU WKH& GDWWYVJYRS RALIKLRK UWNGHXIEQ J
2[&DO WR FDOKREGDWH MDXYOGLVFXVVHG IXUWKHU EHORZ :H VKRXOC
GDWH RQ D SLHFH RI GHWULWDO FKDUFRDO GHULYHG IURP D YDV|
\HDUV V RI JURZWK DQG GHDWK RI WKRVH LQGLYLGXDO WUHH ULQ.
WR ZKHQ LW ZDV EXUQHG RU LQFRUSRUDWHG LQWR D GHSRVLW 71
& DIJH LV D PD[LPXP GDWH RI LQFRUSRUDWLRQ LQWR WKH VHGLPH
ELRWXUEDWLRQ RU E\ WKH EXUQLQJ RI URRWYV GRZQ LQWR WKH VR
ZLWK OLPLWHG HURVLRQ RU GHSRVLWLRQ D SLHFH RI FKDUFRDC
KXQGUHGV RI \HDUV EHIRUH EHLQJ LQFRUSRUDWHG LQ D GHSRVLW

‘H DFNQRZOHGJH VHYHUDO SRWHQWLDO VRXUFHV RI HUURU DQG F
UDGLRFDUERQ GDWLQJ PHWKRG 3HUKDSV WKH PRVW FRPPRQ DQ¢
SHQHWUDWLRQ DQG VXEVHTXHQW GHFD\ ZKLFK PD\ UHVHPEOH |
GLVWLQFWLYH XQGHU WKH PLFURVFRSH WKXV DOO VDPSOHV ZHU
+RZHYHU VPDOO URRWOHWY WKDW KDYH SHQHWUDWHG FKDUFRDGO
LGHQWLI\ HYHQ XQGHU D PLFURVFRSH $IWHU HLJKW KDOI OLYHV
WKH RUILIMWXKIDOW LW KDG ZKHQ DOLYH $IWHU KDOI OLYHV N\U
RULIJILDGIIW LQ WKH VDPSOH 7KXV OHVV WKDQ FRQWDPLQDWLR
VDPSOH FDQ SURGXFH D ILQLWH DJH FORVH WR ND $ VLQJOH UR
WKLY OHYHO RI FRQWDPLQDWLRQ VR DOO UDGLRFDUERQ GDWHV R
FRQVLGHUHG VXVSHFW

$QRWKHU SRWHQWLDO VRXUFH RI XQFHUWDLQW\ LV WKURXJK PL[L(
ELRIJHQLF SURFHVVHV ZKLFK LV PRVW OLNHO\ I[URP IDXQDO ELRW:
DQG IURP WUHH WKURZV 7KLV SURFHVYVY GLVUXSWY ODUJH DPRXQV
PDVV SRWHQWLDOO\ PL[LQJ WKH XSSHU WR P RI VRLO PDWHI
LQFRUSRUDWLRQ RI \RXQJHU PDWHULDO WR GHSWK LQ WKH VRLO
WKH ODQGVFDSH 7UHH WKURZV DUH FRPPRQ LQ FRQLIHU IRUHVW
LQ WKH 1DWLRQDO )RUHVW ZHVW RI /$1/
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'XULQJ LQWHQVH IRUHVW ILUHV LW LV DOVR SRVVLEOH IRU WUHH |
SURGXFH FKDUFRDO 'HFD\HG URRW LV YHU\ GLVWLQFWLYH IURP FK
LV REYLRXVO\ GLITHUHQW XQGHU WKH PLFURVFRSH ,Q FRQWUDVW
IURP RWKHU FKDUFRDO E\ LWV VWUXFWXUH RU FRQFHQWUDWLRQ C
ZHUH SHUIRUPHG LQ WKLY LOQYHVWLIJIDWLRQ WR GLVWLQJXLVK URR

'XULQJ WKH FROOHFWLRQ RI GHWULWDO FKDUFRDO XVHG LQ GDWL
DYRLG ILOOHG EXUURZV NURWRYLQDV DQG RWKHU REYLRXV EL
UHPDLQV D SRWHQWLDO H[SODQDWLRQ IRU VRPH RI WKH FKDUFRD (
IRU WKLV VWXG\ DV GLVFXVVHG LQ WKH UHVXOWY VHFWLRQ EHOR.

SHGRORJLF $QDO\VLV

S3HGRORJLF SURILOHY ZHUH GHVFULEHG DQG LQWHUSUHWHG DW Q.
WKH VRLOV H[SRVHG LQ WKH WUHQFK H[FDYDWLRQV OF'RQDOG

HVWLPDWHG GHSRVLW DJHYVY GHULYHG IURP RWKHU WHFKQLTXHV S
DQDO\VHV 7KLV LQIRUPDWLRQ zZDV XVHG WR SURYLGH DGGLWLF
VWUDWLJIJUDSKLF XQLWYV LQ WKH WUHQFKHY DQG WR DVVLVW LQ FD

7KH DJHV Rl SHGRORKQIEFWY HQPRXL@OWNHUHG LQ WKH WUHQFKHYV DQG
E\ 'U (ULF OF'RQDOG Rl 6XQVHW B6RLOV DQG *HRPRUSKRORJ\ X
FKURQRIXQFWLRQ GHYHORSHG IURP SUHYLRXV UHJLRQDO DQG OD
VXUIDFHV ZLWK NQRZQ DJHV ORFDWHG ZLWKLQ WKH /RV $ODPRV
FKURQRIXQFWLRQ ZDV VXEVHTXHQWO\ DXJP& GWMGE G\ UHWKXHD WS HBIR
FXUUHQW SDOHRVHLVPLF VWXG\

‘U OF'RQDOG GHVFULEHG YHUWLFDO SHGRORJLF VRLO SURILOL
$SSHQGL[ % 7TKH ORFDWLRQ RI HDFK SURILOH LV VKRZQ RQ W]
PRUSKRORJ\ ZDV GHVFULEHG DFFRUGLQJ WR VWDQGDUG PHWKRGYV
7KH EDVH RI HDFK VWUDWLJUDSKLF DQG VRLO ERXQGDU\ ZDV LGHQ
VDPSOHYVY ZHUH FROOHFWHG IURP HDFK SHGRJHQLF KRUL]JRQ IRU EX
WHVWLQJ DW WKH '"HVHUW 5HVHDUFK ,QVWLWXWH 7KH ORFDWLRQ
OF'RQDOG DQG RU ZLWK LQSXW IURP /&, SHUVRQQHO 7KH VRLO
SHGRORJLF PRUSKRORJ\ HQFRXQWHUHG ZLWKLQ DSSUR[LPDWHO\
SURILOH GDWXP 'U 5RFNZHOO SURYLGHG WHFKQLFDO SHHU UH
FKURQRVHTXHQFH WR WKH VRLO SURILOHV LQ DOO WKH WUHQFKHYV

7KH VRLO DJHV SURYLGH D OLPLWLQJ PLQLPXP DJH WR WKH GHSR
FKURQRVHTXHQFH LV EDVHG RQ D VLPSOH ORJDULWKPLF OLQHDU L
'"HYHORSPHQW ,QGH[ 3', OF'RQDOG 7KH VRLO DJH HVWLPDYV
YDOXHV EHFDXVH WKH 3', YDOXHV FRQWDLQ LQIRUPDWLRQ RQ WKL
VR VWDFNHG SDOHRVROV ZKLFK DUH FRPPRQ LQ WKLV VWOOG\ WHC
SURILOH DV LW PHUJHV ZLWK D EXULHG VRLO 7KLV UHVXOWYVY LQ 3
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WKH VRLO GHYHORSHG WR LWV I XOO0O GHSWK H[WHQW UHVXOWLQJ
VSHFLILF GHSRVLW 7KH HVWLPDWHG 3', GHULYHG DJHV RI WKH
SUHVHQWHG LQ $SSHQGL[ % DQG LQ 6HFWLRQ

IXPLQHVFHQFH 'DWLQJ

IXPLQHVFHQFH GDWLQJ LV DQ HYROYLQJ WHFKQLTXH WKDW XWLO
EXULHG DQG VKLHOGHG IURP KHDW RU OLJKW ZLWK WKH DVVXPSW
ZHUH WKRURXJKO\ EOHDFKHG E\ VXQOLJKW SULRU WR EXULDO $L!
IURP UDGLRDFWLYH GHFD\ RI UDGLRJHQLF DWRPV 8 7K 5E . DQC
VORZO\ VWRUHG LQ FU\VWDO ODWWLFH GHIHFWV 7KH SHUFHQWDJF
LQ WKH EXON RI VRLO VXUURXQGLQJ WKH DFTXLUHG VDPSOH DORQ
WKH 3GRVH UDWH™ WKDW LV XVHG WR FDOFXODWH WKH WLPH VLQ
DOLTXRW LV UHOHDVHG E\ KHDWLQJ RU H[SRVXUH WR OLJKW WKI
EDQGYV $ SKRWRVSHFWURPHWHU UHFRUGY WKH DPRXQW RI OLJKW
VLQFH EXULDO DQG WKH GRVH UDWH )RUPDQ HW DO

OXOWLSOH VHGLPHQW VDPSOHV Q ZHUH FROOHFWHG IURP DOO
$SSHQGLJ[ 6DPSOHV ZHUH FROOHFWHG E\ /&, JHRORJLVWV DW °
%DOGZLQ DQG OU *LYOHU EXW LQYROYHG LQSXW IURP 'U OF'R
PHPEHUV /$1/ SHUVRQQHO DQG WKH ((57 $ WRWDO RI VDPSOHYV
RI &LQFLQQDWL IRU RSWLFDOO\ VWLPXODWHG OXPLQHVFHQFH 26/
/IHZLV DW WKH 8QLYHUVLW\ RI &LQFLQQDWL VXSHUYLVHG WKH ODEI

6DPSOHV ZHUH FROOHFWHG IRU 26/ XVLQJ WZR PHWKRGYV

OHWKRG LQFOXGHG XVLQJ LQFK GLDPHWHU VWHHO WXEHYV
OLWKRORJLF XQLWYV DV LGHQWLILHG LQ WKH WUHQFK ZDOOV
GD\OLJKW KRXUV KRZHYHU DOO DWWHPSWV ZHUH PDGH WR 1|
VKDGHG GXULQJ WKH VDPSOLQJ SURFHGXUH 3ULRU WR VHGLTF
VFUDSHG EDFN WR H[SRVH pXQEOHDFKHGY VHGLPHQW DW WKH
LQFK ORQJ PHWDO WXEHY ZHUH KDPPHUHG LQWR WKH WUHQF
ERWK HQGV RI WKH PHWDO WXEH (DFK VDPSOLQJ WXEH ZDV F
DGKHVLYH WDSH GXULQJ KDPPHUHG HQG DQG DIWHU H[WUDF
$GGLWLRQDO VHGLPHQW DW WKH VDPSOH ORFDWLRQ ZDV FR
HVWLPDWLQJ WKH EDFNJURXQG GRVH UDWH H[SODLQHG IXUW
DQRG WUDQVSRUWHG WR WKH 8QLYHUVLW\ RI &LQFLQQDWL IRU
RI ORRVH VHGLPHQW DQG PLQRU OLJKW H[SRVXUH DW WKH HQ
LQ WKH ODE DQG WKH VHGLPHQW LQ WKHVH HQGV LV FRF
GHWHUPLQDWLRQ LI WKDW ZDV QRW GRQH LQ VLWX LQ WKH WU
,Q WKH GDUNHQHG ODE ILQH JUDLQHG TXDUW] DQG IHOGVSI
VDPSOH DQG GHSHQGLQJ RQ WKH VSHFLILF DSSOLFDWLRQ WHK
IRU WKHLU GRVH VLIJIQDO 6LWHV % DQG & ZHUH VDPSOHG XVL(
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OHWKRG LQYROYHG VDPSOH FROOHFWLRQ DW QLJKW XVLQJ U
RI WZR VDPSOHV SHU ORFDWLRQ RQH 26/ DQG RQH GRVH UDWE
ZDOO EDFN WR H[SRVH pXQEOHDFKHGY VHGLPHQW OHWKRG V
LQ EODFN SODVWLF EDJV WR SUHYHQW H[SRVXUH WR VXQOLJK

$00 VHGLPHQW VDPSOHV ZHUH SUHSDUHG IRU 26/ GDWLQJ RI G|
XQZUDSSHG XQGHU VDIH OLJKW FRQGLWLRQV LQ WKH /XPLQHVFHQ
RI &LQFLQQDWL $SSUR[LPDWHO\ J RI VHGLPHQW ZDV UHPRYHG |
GULHG WR GHWHUPLQH WKH ZDWHU FRQWHQW IRU HDFK VDPSOH 7
VHQW WR $FWLYDWLRQ /DERUDWRULHYV /LPLWHG LQ $QFDVWHU 20Q
. FRQFHQWUDWLRQV E\ ODMRU (OHPHQWYV )XVLRQ ,&3 06 7UDFH (OHTF
FRQFHQWUDWLRQV ZHUH XVHG WR GHWHUPLQH LQGLYLGXDO VDP.
GHWDLOHG GHVFULSWLRQ RI WKH ODERUDWRU\ DQG DJH GDWLQJ S

6RXUFHV RI 26/ 8QFHUWDLQW\

2SWLFDOO\ VWLPXODWHG OXPLQHVFHQFH 26/ $LWNLQ XV H
ZKLFK UHTXLUHV OHVV WLPH WR FRPSOHWHO\ EOHDFK D VDPSOH W
DUH QR ORQJHU XVHG WR GDWH VHGLPHQWDU\ GHSRVLWYV L H WK
FRQWDLQV DV PDQ\ DV VHYHUDO KXQGUHG LQGLYLGXDO JUDLQV Wk
OXUUD\ DQG :LQWOH OXUUD\ DQG :LQWOH 7KDW LV VF
FRPSOHWHO\ EOHDFKHG DQG VRPH RU PDQ\ PD\ QRW 5HIHU WR $§
H[SODQDWLRQ RI WKH 26/ GDWLQJ PHWKRG DV DSSOLHG WR WKH /

7KH PDLQ VRXUFH RI XQFHUWDLQW\ LQ PXOWL JUDLQ DOLTXRW 2
OXUUD\ DQG 2LOH\ 7KLV PHDQV WKDW VRPH TXDUW] JUDLQV K
FKDUJH WKDW LV LQFRUSRUDWHG DW WKH WLPH RI EXULDO VXFK
DEDO\VLY ZLOO EH JUHDWHU WKDQ KDG WKH VDPSOH EHHQ FRPSC
WKDW LV ROGHU WKDQ WKH DFWXDO DJH RI EXULDO DQG LV PRVW F
HTXLYDOHQW GRVH PHDVXUHPHQWY $ FRPSOHWHO\ EOHDFKHG VD
GRVH PHDVXUHPHQWY DQG LQ WKRVH FDVHV WKHUH LV JUHDWHU |
DFFXUDWH ,Q VDPSOHV WKDW \LHOG D VSUHDG RI HTXLYDOHQW GF
FORVH WR RU \RXQJHU WKDQ WKH ORZHVW DJHV +HQFH PRVW
FRQVLGHUHG PD[LPXP DJHV IRU WKH WLPH RI GHSRVLWLRQ RI WKH

$QRPDORXVO\ \RXQJ DJHV PD\ UHVXOW IURP ELRWXUEDWLRQ ZKHU
RU EOHDFKHG DW WKH VXUIDFH DUH LOQOWURGXFHG LQWR WKH VXEV
RU E\ WUHH WKURZV WKDW DEUXSWO\ GLVWXUE WKH XSSHU OD\HU
VRLO LV EURXJKW WR WKH VXUIDFH E\ WKH WUHH URRWV %RWK RI
WKH IRUHVWY DURXQG /$1/ VR WKLV LV D SRWHQWLDO VRXUFH RI
DVVHVVLQJ WKH 26/ DJH HVWLPDWHYV
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6DWXUDWLRQ RI WKH 26/ VLIQDO LV FRPPRQ LQ VDPSOHV UHFRY!
TXDUW] JUDLQ KDV D ILQLWH DPRXQW RI VLIQDO WKDW FDQ EH V!
UHF\FOHG SUH &DPEULDQ TXDUW] VDQG LQ $XVWUDOLD WKDW KDV
GHSRVLWLRQ 3JORZV’ EULJKWO\ (OOHUWRQ HW DO GXULQJ |
JUDLQV DOO FRQWDLQ D ODUJH QXPEHU RI HOHFWURQ WUDSV WKD
VDQG GXQHV LQ $XVWUDOLD WKDW KDYH EHHQ GDWHG E\ 26/ WHF
WKRXVDQGV RI \HDUV (OOHUWRQ HW DO ,Q FRQWUDVW 3\RX
lODZV ZKHUH HQHUJ\ FDQ EH VWRUHG PD\ QRW JORZ DW DOO ,Q '
VHYHUDO KXQGUHG JUDLQV RQO\ D VPDOO IUDFWLRQ RI WKH TXD
+HQFH WKHVH VDPSOHV ZLOO VDWXUDWH DW D PXFK \RXQJHU DJ
GLVFXVVHG LQ WKH IROORZLQJ VHFWLRQV DQG LQ $SSHQGL[ ' WK}
EHLQ WKH WR ND UDQJH IRU WKH VDPSOHVY WHVWHG DV SDUW F
ZLWK \RXQJHU VDWXUDWLRQ DJHV DQG IHZHU JUDLQV \LHOGLQJ GF
D KLJKHU SHUFHQW HUURU ,Q VRPH VHWWLQJV WKLV SUREOHP FI
ZKLFK LV EHFRPLQJ PRUH FRPPRQ H J 5KRGHV HW DO 5KRGH

*HRFKHPLFDO )LQJHUSULQWLQJ RI $VK DQG 9ROFDQLF $LU IDO

*HRFKHPLFDO ILQJHUSULQWLQJ LQYROYHV FRUUHODWLQJ WKH JHF
SXPLFH DVK DQG RU IORZ WR D NQRZQ DQG SUHYLRXVO\ GDYV
FRUUHODWLRQ DOORZV IRU WKH GHSRVLW FRQWDLQLQJ WKH YROF
SXPLFH FODVWYV H[WUDFWHG |IURPHWHH}IBRLEMHG DM) &KDMH VDPSO
SUHYM RU DEVHQFH RI ELRWLWH 7KH 4HF LV WKH RQO\ SXPLFH LQ
ELRWLWH 6DPSOHV WKDW ZHUH QRW UHDGLO\ LGHQWLILHG DIWH!
JHRFKHPLFDOO\

7KUHH VDPSOHV ZHUH FROOHFWHG E\ 10%*05 DQG /$1/ JHRORJLVYV
HOHFWURQ PLFURSUREH DQDO\VHV WR HYDOXDWH WHSKUD JHRFKH
.RQLQJ 10%*05 DQG *LGD\ :ROGH*DEULHO /$1/ VHOHFWHG VDPSC
DEDO\VLV RI WKH VXVSHFWHG WHSKUD OD\HUV H[SRVHG LQ WUHQ
I[URP VHYHUDO WR P WKLFN DVK ODSLOOL GHSRVLWYV DQG XQG
SXPLFH FODVWY 6HH 30DWHYV DQG IRU VDPSOH ORFDWLRQ\
SURYLGHG LQ $SSHQGL[ ( DQG GLVFXVVHG LQ 6HFWLRQ

&ROOHFWHG DVK VDPSOHV LQLWLDOO\ XQGHUZHQW GHQVLW\ VHS
KHDY\ OLTXLGY WR VHSDUDWH WHSKUD VKDUGV IURP VXUURXQGLQ
ZHUH PRXQWHG SROLVKHG DQG FDUERQ FRDWHG DQG VHFXUHG W
HSR[\ 7KH FRPSRVLWLRQ RI WKH JODVV LQ WKH WHSKUD VDPSOH
PLFURSUREH DW 10%*05 7KH HOHFWURQ PLFURSUREH DQDO\VLV LC
VDQG PL[HG ZLWK VFDWWHUHG JODVYV VKDUGV OHDQ JODVV FRPSR
Rl PRUH WKDQ DQDO\]|JHG WHSKUD VDPSOHV RI 1RUWK $PHULF
VDPSOHY ZHUH WKHQ HYDOXDWHG DV SRWHQWLDO FRUUHODWLYH
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SDOHRPDJQHWLF $QDO\VLYV

7KH LQWHQW Rl WKH SDOHRPDJQHWLF DQDO\VLV LV WR LGHQWLI\
DQRG VXEFKURQR]JRQHV EHWZHHQ URXJKO\ 0D DQG WKH SUHVHQW
GRFXPHQWHG %UXQKHYV ODWX\DPD PDJQHWLF UHYHUVDO DW DSSUI

ZKHQ WKH (DUWKSYfV PDIJQHWLF ILHOG XQGHUZHQW LWV ODVW |
LGHQWLILHG DV HLWKHU ROGHU RU \RXQJHU WKDQ ND ZLWK PLQ

JRXU VHGLPHQW VDPSOHV ZHUH FROOHFWHG IRU SDOHRPDJQHWL
H[SRVHG LQ WUHQFKHV DW 6LWH $ WR LGHQWLI\ PDJQHWLF DQRF
UHVSHFW WR WKH (DUWKYJV SUHVHQW GD\ PDJQHWLF ILHOG $SSHC
1HZ OH[LFR +LJKODQGV 8QLYHUVLW\{V 10+8 3DOHRPDJQHWLF 5R
VDPSOH SUHSDUDWLRQV ZHUH VXSHUYLVHG DQG DQDO\]HG E\ 'U 0
OH[LFR +LJKODQGV 8QLYHUVLW\YV 10+8 3DOHRPDJQHWLF 5RFN 0
L*OREDO FKURQRVWUDWLJUDSKLF FRUUHODWLRQ WDEOH IRU WK|
$SSHQGL[ )

(G7(51%$/7(&+1,&%$B((5 5(9,(:

7KH SDOHRVHLVPLF WUHQFKHV DW 6LWHV $ % DQG & ZHUH UHYLI
THDP ((57 ZKLFK FRQVLVWHG RI .DWKU\Q +DQVRQ SURIHVVLRQ
IRUPHU /$1/ JHRORJLVW DQG $QWKRQ\ &URQH UHWLUHG 8 6 *F
((57 YLVLWHG DOO RI WKH WUHQFK VLWHYV IROORZLQJ WKH PDSSLC
WUHQFKHV E\ WKH 3URMHFW 7HDP 7KH UHYLHZV ZHUH SHUIRUPH
SUHVHQW GXULQJ WKH LQVSHFWLRQV KRZHYHU WKH UHYLHZ WH|
LQGHSHQGHQWO\ 'RFXPHQWDWLRQ RI WKH UHYLHZV ZHUH SURYLG
DQG OHWWHUYVY SUHSDUHG E\ WKH 5HYLHZ 7THDP $SSHQGL]J[ *

(9(17&21),'(1&(5%1.,1*

7R HYDOXDWH WKH SDOHRVHLVPLF HYHQW GDWD IURP WKH 3KDVH
WVHORFK VWXGLHVY WKH 3DOHRVHLVPLF 7HDP V\VWHPDWLFDOO\
LQGLYLGXDO SDOHRVHLVPLF WUHQFK REVHUYDWLRQ XVHG WR VXS&

GHYHORSHG D UDQNLQJ V\VWHP WR H[SUHVV WKH 7HDPTV FRQII
REVHUYDWLRQ 7KHVH VWHSV ZHUH GHYHORSHG H[SUHVVO\ WR V
HYHQW XQFHUWDLQW\ DQG DUH H[SODLQHG EHORZ

SDOHRVHLVPLF (YHQW ,QGLFDWRUYV

,QGLYLGXDO SDOHRVHLVPLF REVHUYDWLRQV RI D SRVVLEOH HD
FDWHJRUL]J]HG XVLQJ PRUSKRORJLF DQG VHGLPHQWRORJLF HYLGHQ
KHUHLQ DV 3SHYHQW LQGLFDWRUV’ JROORZLQJ WKH SURFHVV GH
FRQVLGHUHG WKH TXDOLW\ DQG IUHTXHQF\ RI HYHQW LQGLFDWRU\
HYHQWYVY DW WKH 3KDVH VLWHV ZLWK WKH TXDOLW\ RI WKH HYHQ\
7KH PHWKRG XVHG E\ 6FKDUHU HW DO LV HPSOR\HG KHUH WR
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UDOQNLQJ RI WKH HYLGHQFH XVHG WR VXSSRUW WKH LQWHUSUHWE
WUHQFKHYV 8OWLPDWHO\ WKLV PXOWL VWHS SURFHVV DQG DJ
SURGXFHV D FRQILGHQFH UDQNLQJ DVVRFLDWHG ZLWK DQ\ LQWHU:

$V UHFRPPHQGHG E\ 6FKDUHU HW DO DV SDUW RI WKLV PHW}
VHW RI HYHQW LQGLFDWRUV IRU WKLY SURMHFW ZKLFK DFFRXQW\
FRQGLWLRQV RI WKH 3)6 HJ DQ DUWLFXODWHG PRQRFOLQH GH
HIWHQVLRQDO UHJLPH ZLWK DQ LQFRPSOHWH JHQHUDOO\ FROOX"
XVH WKHVH FULWHULD WR HYDOXDWH WKH RFFXUUHQFH RI SDVW C
W\SH RI HYHQW LQGLFDWRUV UHFRJQL]JHG DV SDUW RI WKLV VWXG
XSZDUG IDXOW WHUPLQDWLRQV 8WD DQG 8WE ILVVXUH ILOOV ILV
LQWHUSUHWHG IDXOWV 9R FROOXYLDO ZHGJH VKDSHG GHSRVLW'
IDXOW WKDW PD\ LQGLFDWH WKH SUHVHQFH RI D FROOXYLDO ZH
GHVFULSWLRQ RI WKH HYHQW LQGLFDWRUV GHYHORSHG IRU WKLV
&DMHWH HYHQWYV ND ZDV UDQNHG RQ WKH EDVLV RI WKH SHUF
3DOHRVHLVPLF 7HDP DQG WKH /HDG 6FLHQWLVW )LJXUH 2XU U
ZHOO H[SUHVVHG % PRGHUDWHO\ H[SUHVVHG & ZHDNO\ H[SUF
UDQNLQJV ZHUH DVVLJQHG WR HYHQW LQGLFDWRUV ZKHQ SUHIHL
VXSSRUW D IDXOWLQJ LQWHUSUHWDWLRQ ZHUH SRVVLEOH HJ D
LV RIIVHW E\ D IDXOW 7DEXODWHG HYHQW UDQNLQJV DUH VKRZQ
H[SODQDWLRQ RI WKH UDQJH RI UDQNLQJV LQ VRPH FDVHV

(YHQW &RQILGHQFH 5DQNLQJ

7TKH VHFRQG VWHS LQ WKH 6FKDUHU HW DO SURFHVV LV WR
FRQILGHQFH LQ ZKHWKHU DQ HYHQW RFFXUUHG 7DEOH 7TDE
FULWHULD DQG LQFOXGHV WKUHH UDQNLQJV RI +LJK ORGHUDWH
JUHDWHU QXPEHU RI REVHUYDWLRQV IRU WKH VDPH HYHQW WKHL
HIDPSOH DQ HYHQW ZRXOG UHFHLYH D :KLJK FRQILGHQFH ™ UDQNI
VHHQ LQ PXOWLSOH WUHQFK ZDOOV DQG WKH LQGLFDWRUV DUH RI
LOQOWHUSUHWHG EDVHG RQ D VLQJOH REVHUYDWLRQ LQ RQH WUHQF
ZRXOG EH UDQNHG DV D 2ORZ FRQILGHQFH" HYHQW 7KH PDLQ SXU.
DQG UDWH WKH XQFHUWDLQWLHY DVVRFLDWHG ZLWK WKH SDOHF
FRQVLGHU SRVVLEOH DOWHUQDWLYHYV

(9(17&+5212/2*<' (9(/230(17 )253+$6( 75(1&+(6

7R HYDOXDWH WKH QXPEHU DQG WLPLQJ RI +RORFHQH HDUWKTXD
3KDVH GDWD ZHUH UHYLHZHG XVLQJ WKH HYHQW LQGLFDWRUV TX
UHYLHZ DQG FRQVLGHUDWLRQ RI JHRFKURQRORJLF FRQVWUDLQWYV
FKURQRORJ\ DW HDFK WUHQFK DW HDFK VLWH LQGLYLGXDOO\ IRO:
DQG WKHQ EHWZHHQ 6LWHV $ % DQG & WR GHYHORS D FRPSRVL)
SOHLVWRFHQH HYHQWYVY RQ WKH 3DMDULWR IDXOW $V GHVFULEHG |
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RI VWDWLVWLFDO PRGHOV 2[&DO PRGHOV WR HVWLPDWH WKH F
SRVVLEOH

5(,17(535(7%$7,21 35(9,286. 25.

BUHYLRXVO\ DYDLODEOH SDOHRVHLVPLF GDWD FROOHFWHG RQ WK
HW DO OF&DOSLQ *DUGQHU HW DO /IHZLV HW DO
6FKXOW] HW DO OF&DOSLQ SHQHDX HW DO *
UHYDOXDWHG DQG LQWHJUDWHG ZLWK WKH UHVXOWY IURP WKH
FRPSUHKHQVLYH FKURQRORJ\ RI +tRORFHQH HYHQWYV RQ WKH 3)6 7k
VLWHV ZLWK ZHOO GRFXPHQWHG ZHOO H[SUHVVHG HYHQW LQGLFL
PHDQLQJIXO FRPSDULVRQV ZLWK WKH 3KDVH UHVXOWYV

$V SDUW RI WKLY DFWLYLW\ ZH GHYHORSHG D FRPSRVLWH FKURQ
HYHQW HQFRPSDVVLQJ LQGLYLGXDO IDXOW VWUDQGY DFURVV WK|
5HVXOWV RI WKLV DQDO\VLY DUH SUHVHQWHG LQ 6HFWLRQ

2835/ $1%$/<6(6

7REHWWHU HVWLPDWH WKH WLPH UDQJHV RI LQGLYLGXDO HDUWKT X
GDWHV ZH XVHG 2[&DO UDGLRFDUERQ FDOLEUDWLRQ DQG DQDO\VL
XVLQJ WKH ,QW&DO FDOLEUDWLRQ FXUYH RI 5HLPHU HW |

WKH 2[&DO SURJUDP DOOR&Z\D IR FDIOLE SDRLRMPRADQ DOVR FI
SUREDEOH DJH UDQJHV RI XQGDWHG HYHQWY OLNH HDUWKTXDNHYV
LQIRUPDWLRQ IRU UDGLRFDUERQ DQG OXPLQHVFHQFH DJHV %URQ
UHSRUW PHDQ VWDQGDUG GHYLDWLRQ DQG WZR VLJPD FRQ
HYHQWYV 2[&DO PRGHOV ZHUH GHYHORSHG IRU 6LWHV % DQG & DQ
VLWHV LIH &DEUD &DQ\RQ &KXSDGHURV &DQ\RQ DQG (2& 6LWH)\
PRGHOV DUH VXPPDUL]JHG KHUH LQ 6HFWLRQ DQG WKH IXO0O PRGH
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6.0 SITE-SPECIFIC ASSESSMENT OF LATE QUATERNARY FAULT
ACTIVITY ON THE PAJARITO FAULT

7KLV VHFWLRQ Rl WKH UHSRUW GHVFULEHV WKH UHVXOWV RI WKH
$ % DQG & )LJIXUH $V VXPPDUL]JHG LQ 6HFWLRQV DQG

HYDOXDWHG SRWHQWLDO VLWHVY DORQJ WKH 3DMDULWR IDXOW -
VLWHV ORFDWHG RQ RU QHDU WKH 3DMDULWR IDXOW ZKHUH WKH
QDUURZ DQG ZKHUH XQFHUWDLQWLHV RQ IDXOW VW\OH DQG RULJL

2Q WKH EDVLV Rl VHYHUDO VLWH VHOHFWLRQ FULWHULD LQFOXG
VLWHV LQ %DQGHOLHU 1DWLRQDO ORQXPHQW WKH 3763 7HDP VH
SURSHUW\ HDVW RI 10 +LJKZD\RI| OF &D @SHOU &RQHBEP&DOSLQ
DQG ( QRUWK MXVW VRXWK RI 10 +LJKZD\ DORQJ WKH 3DMD
VLWHV IRU WKH 3KDVH SDOHRVHLVPLF LQYHVWLJDWLRQ )LJXUH

3763 WHDP EHFDXVH RI D ZHOO GHILQHG VFDUS DW WKH VLWH
+RORFHQH HYHQWYV DQG VLWH DFFHVVLELOLW\ 6LWH % zZDV K
LGHQWLILHG DW WKH VLWH OF&DOSLQ SUHVHQFH RI 3BOHLVWR

VWUDWLJUDSK\ DQG WKH VLWHTV HDV\ DFFHVV YLD :HVW -HPH] 5
UDQNHG EHFDXVH RI SDVW HYLGHQFH RI ODWH 4XDWHUQDU\ IDXOW
4AXDWHUQDU\ VWUDWLJUDSK\ FRXSOHG ZLWK WKLQ YHJHWDWLRQ
DVVHVVPHQW ©6LWH ( QRUWK ZDV QRW SXUVHG LQ 3KDVH WUH(
SDOHRVHLVPLF WUHQFKLQJ SHUPLWY DQG DFFHVV E\ %DQGHOLHU

7KH IROORZLQJ VHFWLRQV DUH RUJDQL]HG WR GHVFULEH DQG GLV]
IROORZHG E\ WKH WUHQFKLQJ UHVXOWY VWUDWLJUDSK\ VWUXFW
%HFDXVH RI WKH FORVH SUR[LPLW\ Rl 6LWHV $ DQG % WKH JHROR
ERWK VLWHV BHFWLRQ DQG WKHQ IROORZHG E\ VLWH VSHFLILI
BHFWLRQ DQG UHVSHFWLYHO\ 6LWH & UHVXOWY DUH GHVFU
DQG WUHQFK UHVXOWYV

@87+(516,7($5($ 6,7(6% $1' %

7KH VRXWKHUQ VLWH DUHD LV DSSUR[LPDWHO\ NP QRUWK RI WK
QRUWKHUQ 3DMDULWR IDXOW VHFWLRQV /HZLV HW DO ZKHU
PDSSHG IDXOW WUDFH )LJXUHV DQG ,Q SDVW VWXGLHYV
VKRZHG WKDW WKH 3DMDULWR IDXOW I[IRUPV DQ *DUWLFXOD\
SULPDU\ ]IRQH RI QRUWK VWULNLQJ IDXOWYV WKDW DUH FRLQFLGHQ\
HVFDUSPHQW &URVV VHFWLRQ $ $Y )LJXUH PRGLILHG IURP
VRXWKHUQ VLWH DUHD VKRZV WKDW WKH 3DMDULWR IDXOW FRQVL
WKUHH SULPDU\ VWUXFWXUDO HOHPHQWYV DQ HDVW VLGH GRZC
DORQJ WKH XSSHU PRQRFOLQDO KLQJH OF&DOSLQ D IDXO
HDVW VLGH GRZQ GLVSODFHPHQW GLVWULEXWHG DFURVYV PXOWLSC
D QRUWK VWULNLQJ ZHVW VLGH GRZQ V\VWHP RI DQWLWKHWLF IDX
JRQH $ORQJ WKLV VHFWLRQ WKH 3DAMDMEDWRAIPRMW GEWSRIDWKM W
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7XIl RQ WKH ZHVW ZLWK RYHU P GRZQ WR WKH HDVW VHSDUDWL
DFURVV WKH 3DMDULWR IDXOW LQ WKLY DUHD LV EHOLHYHG WR R
DFFRPSDQLHG E\ PRQRFOLQDO ZDUSLQJ RI ODUJH GHWDFKHG EHC
VXUIDFH OF&DOSLQ /IHZLV HW DO DQG PLQRU VXUIDFH ID

A4XDWHUQDU\ GHSRVLWLRQ LQ WKH VRXWKHUQ VLWH DUHD LQFO
AXDWHUQDU\ DOOXYLXP WR PLG 30HLVWRFHQH WR +RORFHQH DOO.

ZLWK WKH IXO0 NH\ LQ )LJXUH 7KH ROGHVW SRVW ®DQGHOL
DORQJ :DWHU &DQ\RQ ZKLFK VXJJHVWV WKDW WKHVH JUDYHOV Z
HUXSWLRQ RI WKH %DQGHOLHU 7XIl DQG EHIRUH WKH LQFLVLRQ RI
DQG .HOOH\ 2QFH ORFDO GUDLQDJHV EHJDQ WR LQFLVH GH
VRXWKHUQ VLWH DUHD PRVWO\ FHDVHG DQG D VHULHV RI 30HLVWHF
WKH 3DMDULWR IDXOW HVFDUSPHQW DQG SUHVHUYHG DORQJ VHO
4HF LV PDSSHG WKURXJKRXW WKH VLWH DUHD DQG UHSUHVHQWYV

ND )LIXUHV DQG 7KH 3KDVH PDSSLQJ LV RUJDQL]JHG KH
SUH DQG SRVW (O &DMHWH GHSRVLWV )LJXUH 6HH $SSHQGL]J
RI PDS XQLWV .RQLQJ DQG .HOOH\

67($3$/(26(,60,819(67,*$7,21

6LWH $ 1 ° ° PHOHYDWLRQ LV ORFDWHG RQ /$1/ SURSHU
VHFWLRQ Rl WKH 3DMDULWR IDXOW DQG LV ERUGHUHG RQ WKH VR
5RDG DQG RQ WKH QRUWK E\ $QFKRU 5DQFK 5RDG )LJIJXUHV D
E\ 30HLVWRFHQH DJHG DOOXYLXP 8QLW 4DR RQ )LIXUHYV DQG
RQ )LIXUHV DQG VORWRYML) QRAHVW GLSSLQJ DQWLWKHWLF
IDFLQJ VFDUS LV WR P KLJK DQG EDVHG RQ JHRORJLF PDSSLQJ
WKH IDXOW GLVSODFHV 4DR DQGWR/\WHSZWVDERXWUR GRZAKRWRV |
DQG .HOOH\ $SSHQGL[ $

7KH SDOHRVHLVPLF LQYHVWLIJDWLRQ DW 6LWH $ LQFOXGHG GHWDI
RI PXOWLSOH KDQG DXJXUHG ERUHKROHY DQG H[FDYDWLRQ RI WZ
RI WWH)LJXUH 7KH WUHQFK VLWH ZDV VHOHFWHG GXH WR LWV |
SDQFK 5RDG ODQG DFFHVV DQG SHUPLWWLQJ DSSURYDO D ZHOO
GHSRVLWV RI IDYRUDEOH ODWH 4XDWHUQDU\ DJH E\ ZKLFK WR DVVI
WUHQFKHV &7 DQG $7 ZKLFK UDQJHG LQ OHQJWK IURP WR

ZHUH H[FDYDWHG LQ 2FWREHU DFURVV WKH VFDUS PDSSHG WKL
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3KRWRYV SKRWRJUDSK RI WKH HDVW HQG RI 6LWH $ $7 IRWF
EHGURFN VFDUS DW WKH HDVW HQG RI WKH WUHQFK DQG ILVVXUL
QRUWKZHVW RQ WKH OHIW DQG ULJKW UHVSHFWLYHO\

6LWH $ *HRORJLF ODSSLQJ

7KH JHRORJLF PDSSLQJ LQ WKH GLUHFW YLFLQLW\ Rl WKH 6LWH $ V
XQLWV WKDW IURP ROGHVW WR \RXQJHVW LQFOXGH 4EW 0
GHSRVLWV ! ND DQG +RORFHQH FROOXYLXP VORSH ZDVK DOQ
VKRZQ RQ )LJXUH

%DQGHOLHU 7¥KH4BMLUHJH PHPEHU RI WKH %DQGHOLHU 7XII
VXEXQLWY DORQJ :DWHU &DQ\RQ LQFOXGLQJ 4EW W 4EW DC
JHZLV HW DO .RQLQJ DQG .HOOH\ 7KHVH VXEXQLWV F
&DQ\RQ DQG SURYLGH SODQDU GDWXPV IRU PDSSLQJ JHRORJL
$ ,Q SDUWLFXODU WKH GLDJQRVWLF UHGGLVK FRORU DQG GH
XVHG WR LGHQWLI\ WKLV NH\ PDUNHU EHG DORQJ ZLWK DJJC
FU\WWWDOV 7KLV GHVFULSWLRQ DQG VWUDWLJUDSKLF SRVLWL!
HW DO DQG /HZLV HW DO ZKLFK LV WKH VWUDWLJL
.RQLQJ DQG .HOOH\ ([FHSW IRU WKLV H[DPSOH ZLWKLQ 8¢
PDSSHG WKH VDPH %DQGHOLHU VXEXQLWYV DV *DUGQHU HW D
6HH $SSHQGL[ $ IRU IXUWKHU EHGURFN GHVFULSWLRQV
20GHU $OOXYLXPOGPR DOOXYLXP FRQVLVWYV RI VDQG DQG JUD\
7X1l DW 6LWH $ 7KH WR P WKLFN 4DR JUDYHO FRQVLVWYV RI
VRUWHG SHEEOHVY WR ERXOGHMM RRFSRNHEREDHERPDWLRQ G
UDUH ZHOGHG %DQGHOLHU 7XIl FODVWV 4DR LV WKH ROGHVW
GDWHV GHSRVLWLRQ Rl WKH %DQGHOLHU 7XIl DQG SUHGDWH
&DQ\RQ *DUGQHU HW DO /HZLV HW DO

3. +RORFHQH &ROOXYLDO D Q GYDIIBHQDHUGHXSRUBQWBVROGHU D OO X
E\ +RORFHQH FROOXYLXP DQG VORSH ZDVK 8QLW 4FV DQG 4VZ
UHFHQW DOOXYLXP HJ 8QLWV 4D\ 4DU\ DQG 4D\U DORQJ
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WULEXWDULHY &ROOXYLXP DQG VORSH ZDVK 8QLW 4FV LV F
VLWXDWHG DIJDLQVW EHGURFN XQLW 4EW SZW DQG ROGHU D«

7ZR ZHVW VLGH GRZQ DQWLWKHWLF IDXOW VWUDQGY WR WKH 3DMD
LQ WKH YLFLQLW\ RI 6LWH $ )LJIJXUH JHZLV HW DO .RQLQ.
DQWLWKHWLF IDXOW VWUDQG EHQHDWK 6WDWH 5RDG KDV
GLVSODFHPHQW EDVHG RQ WKH SUHVHQFH RI 4EW WR WKH HDVW R
XQLW WR WKH ZHVW Rl WKH URDG /HZLV HW DO .RQLQJ DQG
HQG DQG VWHS HDVWZDUG WR WKH HDVWHUQ DQWLWKHWLF IDXOV
YLIXUH 7KLV ZHVW VLGH GRZQ IDXOW LV SUHVHQW LQ WKH QR
$ DQG KDV VHYHUDO PHWHUV RI ZHVW VLGH GRZQ YHUWLFDO VHS
A4EW RQ WKH KDQJLQJ ZDOO LV GXH WR IDXOW GLVSODFHPHQW UDW
FKDQQHO LQ :DWHU &DQ\RQ H[SRVHV UHODWLYHO\ FRQWLQXRXV EF
WKH HDVWHUQ ZHVW GRZQ IDXOW VWUDQG RI 6LWH $ .RQLQJ DQG
RI VLIJQLILFDQW ! P IDXOW GLVSODFHPHQW DORQJ WKH FUHHN
VXJIJHVW ORFDO 1: WUHQGLQJ IROGLQJ 7KH\ LQIHUUHG D ZHVW
IDXOW WKDW OLQNV WKH ZHVWHUQ DQWLWKHWLF VWUDQG WR WKH

6LWH $ 3DOHRVHLVPLF 7TUHQFK 5HVXOWYV

ODWHULDO H[SRVHG LQ WKH H[FDYDWLRQV DW 6LWH $ DUH VLPLOD!
JURXSHG LQWR EHGURFN 4EW SZW ROGHU DOOXYLXP 4DR DQC
4FV GHSRVLWV )LIXUHV DQG (DFK Rl WKHVH PDMRU XQL\
ZLWK GLVWLQJXLVKLQJ FKDUDFWHULVWLFV $ VXEXQLW FRQVLVWYV
D SHGRJHQLF KRUL]JRQ RU D VHULHV RI VLPLODU EHGGHG DOOXY
DVVLJQHG D QXPEHU WKDW LQGLFDWHV LWV UHODWLYH VWUDWL.
QXPEHUV LQFUHDVH IURP WKH EDVH WR WKH WRS Rl WKH WUHQFK I
FRQYHQWLRQ LV XVHG IRU DOO VLWHV 8QLW QXPEHUV DUH VSHFI
FRUUHODWH ZLWK XQLW QXPEHUV DW RWKHU VLWHV &RPSOHWH C
RQ 30DWHV WR )DXOW JRQHV DQG XQLW GHVFULSWLRQV IURP
JLIXUHV D E D DQG E

7KH DJH Rl WKH GHSRVLWV H[SRVHG LQ WUHQFKHV $7 DQG $7 D

D FRPELQDWLRQ RI WHSKUD DQDO\VHVY SDOHRPDJQHWLF DQDO\VH

IURP HLJKW VDPSOHV FROOHFWHG IURP WKH WUHQFK ZDOOV )LJX

DQDO\VHV DUH VKRZQ RQ )LJXUH 7HQ VRLO SURILOHV ZHUH GH

WKH WZR WUHQFKHV WR GHYHORS VRLO DJH HVWLPDWHV IURP SUR
JLIXUHV D DQG D 30DWHV WR $SSHQGL[ %

6RLOV ZHUH GKRB ORYIREGY VWUDWLIUDSKLF XQLWY UHFRUG SHULRC(
GXULQJ ZKLFK WKHUH LV QHLWKHU VLIJQLILFDQW GHSRVLWLRQ QR
UHFRJQL]JHG LQ WKH WUHQFK H[SRVXUHV VRPH RI ZKLFK DUH GLVI
ODWHUDOO\ FRQWLQXRXVY DORQJ WKH OHQJWK RI WKH WUHQFKHYV
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DUH UHODWLYHO\ FRPPRQO\ SUHVHUYHG LQ WKH DOOXYLDO GHSRV

ORJV 7KH ORFDWLRQV RI WKH GHWDLOHG VRLO SURILOH GHVFUL

DJH" RI WKH GHSRVLWY DUH DOVR QRWHG RQ WKH WUHQFK ORJV

XVHG WR GHOLQHDWH XQLW ERXQGDULHV LQ VHYHUDO FDVHV D

FKDUDFWHUL]DWLRQ RI HDUWKTXDNHY DW 6LWH $ &RPSOHWH VRL

DQG WKH ORFDWLRQ RI HDFK VRLO SURILOH LV VKRZQ RQ GHWDLOH
D DQG D 30DWHV DQG

B 20GHU $00XYLDO 'HSRVLWV &RPSULVLOJ 4DR 20GHU 30OHLVYV

7UHQFKHV $7 DQG $7 ERWK HQFRXQWHUHG ROGHU 30OHLVWRFI
4EW SZW )LIXUHV D DQG D $W WKH ZHVWHUQ HQG RI WL
P KLJKHU a P HOHY WKDQ DW WKH ZHVWHUQ HQG Rl WUHQFK
4DR LV WKLQQHU DW WUHQFK $7 30DWHV DQG 7KH ROGHVW
LUUHJXODU OD\HU 8QLW LQ WUHQFK $7 IRUPHG RQ WRS RI EF
DV D S(EHWD KRUL]JRQ" L H DQ LQ VLWX JRQH RI FOD\ DFFXPXODW.L
OD\HU WKDW LQ WKLV FDVH DOVR ILOO¥5IUDF@DX\UHIFK GKIS\R UG
VHDPV EHWZHHQ EHGURFN EORFNV DQG IUDFWXUHV ZLWK D WKLFN
WKDQ WHKHREHRMD WKH VWUDWLJUDSK\ Rl 4DR GRHV QRW FRUUHODW
VR WKH\ DUH GLVEXVVHG VHSDUDWHO\ EHORZ

,Q WUHQFK $7 D PDVVLYKS5SLQMNIQHK JUDM\QHG VDQG\ VLOW VWUDW
SUHVHQW RQ WRS RI EHGURFN DQG LV RYHBODLQPDV SDH W E [SRRRQ
EHGGHG VLOW\ VDQG ZLWK JUDYHO 8QLW WKDW LV LQWHUSUH
30DWHV DQG 7KHVH XQLWV DUH FRQIRUPDXBO\ R WWKILAD L'Q FER D
WKLFN DVK ULFK VLOW LQWHUSUHWHG DV DQ DLU IDOO DVK 8QLW
EURZQ<5 SXPLFH ULFK VDQG\ JUDYHO WR SHEEOH JUDYHO 8QL!
WKDW 8QLW LV VOLIKWO\ UHZRUNHG EDVHG RQ VRUWLQJ DQG |
LQWHUSUHWHG WR EH FRQIRUPDEOH ZLWK XQGHUO\LQJ XQLWYV 3XF
SRRU DQG GHQVHU WKDQ W\SLFDO 4HF ZKLFK UDLVHG TXHVWLR
UHSUHVHQW SUH 4HF GHSRVLWV )LJXUH 30DWHV DQG 7R
ZHUH VXEPLWWHG IRU PDMRU HOHPHQW PLF8RSURERI DMXBODWHVLQ
8QLW DQG D MDPSOH $ RI SXPLFH IURP 8QLW 'U *LGD\ :ROGH*
/$1/ DQ H[SHUW LQ ORFDO WHSKUD FKURQRORJ\ FREGPIDMREHG W}
HOHPHQW JHRFKHPLVWU\ FRQVLVWHQW ZLWK 4HF DQG DSSHDU PF
&HUUR 7ROHGR 5K\ROLWH RU WKH 0D &HUUR 'HO OHGLR FRPSOH

6HH $SSHQGL[ ( IRU PLFURSUREH UHVXOWYV  7KHVH UHVXOW
PDJQHWL]DWLRQ RI 8QLW MXVW EHORZ 8QLW ZKLFK LQG
FRQIRUPDEOH XQLWY DERYH DQG EHORZ DUH OLNHO\ ! ND $SSHC

,Q WUHQFK $7 4DR LV FRPSRVHG RI D VHULHV RI IOXYLDO VDQG
ZKLFK DUH RYHUODLQ E\ ERXOGHU ULFK GHEULV IORZ GHSRVLWYV
30DWHV DQG 8QLWV LQFOXGH DQ LQWH W45 QJHEWIGEIHED F N D
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IOXYLDO VDQGYVY DQG JUDYHOV ZLWK ILQLQJ XSZDUG VHTXHQFHV
FRPELQDWLRQ RI 7VFKLFRPD GDFLWH DQG WXII OLWKRORJLHV ,Q
DQRG WR FRQVWUDLQ IDXOW RIIVHWYV GHVFULEHG EHORZ 7KH ]JRQ
RQ )LIXUH D 8QLW ZKLFK LV PDSSHG RQ ERWK VLGHV RI WK|
EURZQ<5 VDQG\ JUDYHO WKDW JHQHUDOO\ ILQHV XSZDUG ZLV
WRS RI WKH XQLW 8QLW LQFOXGHYVY WZR VXEXQLWYV D DQG E
ZDOO RI WUHQFK $7 WR LOOXVWUDWH IDXOWLQJ UHODWLRQVKL:
VXIJIJHVW WKDW WKH ORZHU SDUW RI WKH ROGHU DOOXYLXP 8QLW
IURP WKH QRUWK RU UHYHUVH SRODULW\ ILHOG 3HWURQLYV $ ¢
D JHRPDJQHWLF HYHQW RU pUHYHUVDO H[FXUVLRQY DQG FDQQRW F

8QLW FRQIRUPDEO\ RYHUOLHV 8QLWYV DQG&GILV PRRSRVK®® RI
EURZQ<5 VLOW\ VDQG WR ERXOGHU JUDYHO WKDW FRQWDLQV D
3ODWHYV DQG 6HYHUDO VXEXQLWY DUH PDSSHG ZIRWKLQ 8QLW
JUDYHOO\ VDQG GHSRVLW 8QLWYV DQG J)LIXUH D 7KH
XQGXODWRU\ ZKHUH JUDYHO FKDQQHOV KDYH VFRXUHG WKH WRSV

,Q WUHQFK $7 WZR FROOXYLDO GHSRVLWV 8QLWV DQG L C
VFDUS GHULYHG DQG RU ILVVXUH ILOO DUH PDSSHG ZLWKLQ DQG
8QLWYV DQG YLIXUH D 30DWHV DQG 7KHVH GHSRVL
<5 WR EURZ®) FOD\H\ JUDYHO ZLWK VDQG WKDW LV MXPEOHG (¢
PDWHULDO DQG YDULHV IURP PDWUL[ WR FODVW VXSSRUWHG %R\
DQG %DQGHOLHU FODVWV /RZHU ERXQGDULHV DUH W\SLFDOO\ FO
VWRQH OLQHV

7KH DJH RI 4DR XQLWV LQ WUHQFK $7 DUH SRRUO\ FRQVWUDLQHC
DQG UHJLRQDO PDSSLQJ DUH LQIHUUHG WR EH VLPLODU LQ DJH WHF

BN SOGLIIHUHQWLDWHG 2RGBOGIRRBRRVOIXNYR XPDD Q AVFORFSHZVX K 8C
SRVWND WR +RORFHQH

'LWKLQ ERWK WUHQFKHV $7 DQG $7 4DR LV RYHUODLQ E\ VHYH

XQLWYV )LIXUH 3ODWHYV WR ,Q WUHQFK $7 ROGHU DOOX)
VWURQJ ELKBRZQWR FOD\H\ VDQG\ VLOW ZLWK JUDYHO 8QLW \
VKDSH DQG FXWV RXW XQLWYV WKURXJK 3ODWHYV DQG 8

GHSRVLW WKDW JHQHUDOO\ ILQHV XSZDUG DQG LV FDSSHG E\ D
WKDOZHJ Rl WKH FKDQQHO WUHQGYV QRUWKZHVW DFURVV WKH WUH
FRQVWUDLQHG EDVHG RQ SDOHRPDJQHWLF DQG 26/ UHVXOWYV )LJ}
IURP 8QLW KDG D QRUPDO PDJQHWL]DWLRQ L H ND DQC
GHSRVLWYV DUH JUHDWHU WKDQ ND LQ DJH 7DEOH

,Q WUHQFK $7 8QLW LV RYHUOREQ EVIDQWBGW VRQW EZURZAQFOD\ DC
8QLW WKDW LV RYHUSULQWHG E\ D VWURQJ DUJLOOLF %W KRL
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8QLW LQFOXGHYV JUDYHO WR FREEOH VL]HG FODVWYV FRF
ZHDWKHUHG GDFLWH DQG SXPLFH FODVWY 7KH DUJLOOLF %W KRL
EORFN\ VWUXFWXUH DQG ZHOO GHYHORSHG DUJLOODQV FRDW SHC
8QLW LV JHQHUDOO\ FP WKLFN DQG SLQFKHV RXW XSVORSH
LQ WKH IDXOW J]RQH DW WKH IDU HDVWHUQ HQG RI WUHQFK $7 )L

,Q WUHQFK $7 4DR LV RYHUODL<) E\ B DQ\URQDWURIZWK FOD\ DQG
8QLW WKDW LV RYHUSULQWHG E\ D VWURQJ DUJLOOLF %W |
WKH IXO0 OHQJWK Rl WUHQFK $7 DQG LV W\SLFDOO\ FP WKLI
LQ $7 WKLQV WR a FP WKLFN LQ WKH YLFLQLW\ Rl WKH HDVWH
ILQHU JUDLQHG WKDQ GHHSHU ROGHU XQLWV ZKLFK PD\ VXJJHV
LQFOXGHVY D UHZRUNHG DHROLDQ FRPSRQHQW (EHUO\ HW DO
%W KRULJRQ LQ WUHQFK $7 LQFOXGHV VWURQJ SULVPDWLF WR
GHYHORSHG DUJLOODQV FRDW SHG IDFHV SRUHV DQG FODVWV
VDPH XQLW QXPEHU LW UHPDLQV XQFOHDU LI WKH\ UHSUHVHQ
GLIIHUHQFHV LQ VRLO FRORU DQG VWUXFWXUH )RU H[DPSOH LQ
WKDQ WKH VDPH 8QLW LQ WUHQFK $7 &RQYHUVHO\ WKH VRLO
ZDV EHWWHU GHYHORSHG WKDQ LQ WUHQFK $7 ,Q WUHQFK $7
SUHVHQFH RI SUHVVXUH IDFHV RQ SHG IDFHV DQG D GLVWLQFWO\
UHVXOW IURP D FRDUVHU SDUHQW PDWHULDO LQ WUHQFK $7 YHU

BN 60RSH :DVK 'HSRVLW 4VZ 4FV XSSHU +RORFHQH

$ VXUILFLDO VORSH ZDVK GHSRVLW HJ 8QLW <5 FRODYGVWLQW R
ZLWK FOD\ DQG ILQH JUDYHO WR D JUDYHOO\ VDQG\ VLOW ZLWK FO
$7 )LIXUHV DQG D 30DWHV WR %WRYH®RQ\LJLWKH DUQ L
8QLW FRQVLVWV RI D ORRVH IULDEOH PDVVLYH DQG KHDYLO\ E
E\ D EDVDO VWRQH OLQH 8QLW LQ WUHQFK $7 @ ®RRIILJRRO XG F
8QLW 8QLW LV FP WKLFN ZLWK YDULDEOH WKLFNQHVYV
LV ODWHUDOO\ GLVFRQWLQXRXV DORQJ WKH OHQJWK RI WKH WUHQ
LV JHQHUDOO\ DEUXSW VPRRWK DQG IDXOWHG LQ SODFHV VHH ID

,Q WUHQFK $7 8QLW DQG VXEXQLWYVY LV SUHVHUYHG EX
HDVWHUQ HQG RI WKH WUHQFK )LJXUHYV DQG D 3KRWR  30I
WUH®FK 8QLW LV D SLQNEVK UDOQG\ VLOW ZLWK FOD\ ILQH JUDY
FODVWV Rl WK% WRGHRQ\LILW DQG WXIl FODVWV 8QLW FRG

PDVVLYH DQG KHDYLO\ ELRWXUEDWHG GHSRVLW 2Q WKH QRUWK :
FP WKLFN DQG IRUPV D GLVWLQFW ZHGJH VKDSH DJDLQVW EHGURF

VRXWK ZDOO RI WUHQFK %7 8QLW LV VXEGLYLGHG LQWR 8Ql
SUHVHUYHG EHGGLQJ DW WKH EDVH RI 8QLW DQG LQFUHDVHG PL
8QLW 7TRIHWKHU 8QLWYV DUH XS WR FP WKLFN DQG IRUF

RQ WKH QRUWK ZDOO RI $7
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%DVHG RQ WKH DEVHQFH Rl FKDUARMDO RQGS®IW VHY® WDWHQBRSOH
8QLW ZHUH FROOHFWHG DQG VXEPLWWHG IRU 26/ DQDO\VHV 7K
YDULDEOH UHVXOWV )RU H[DPSOH 26/ UHVXOWV RI VDPSOHV FRC
VXJIJHVW WKDW WKH GMBRVLWDRV7DEOH ZKLFK LV FRQVLVWHQ
DJH HVYWLPDWHVY DQG WKH VWUDWLJUDSKLF SRVLWLRQ RI WKH XQl
&RQYHUVHO\ 26/ UHVXOWV RI VDPSOHV FROOHFWHG IURP 8QLW

WKH GHSRVLW LV ! ND 7DEOHV 7KH DSSDUHQW ROGHU DJH
WKDW WKHVH GHSRVLWYV DUH ROGHU WKDQ ND DQG KDYH QI
IURP ROGHU GHSRVLWV ! ND WKDW KDYH QRW EHHQ FRPSOHWH}
GHSRVLWLRQ VHH $SSHQGL[ ' IRU IXUWKHU GHVFULSWLRQ 7KH \F
IURP 8QLW LQ WUHQFK $7 VXJJHVW WADMW QRN VE O H DLRX MG MR
ELRWXUEDWLRQ DV SDUW Rl WKH VXUIDFH VRLO 7KLV LPSOLHV WK
WKURXJK ZKLFK WKH VWURQJ VRLO SURILOH LV GHYHORSHG LV JUI
EDVHG RQ WKH VWUDWLJUDSKLF SRVLWLRQ QHDU WKH VXUIDFH D
LQWHUSUHWDWLRQ LV WKBW 8WQRW  NDVEIHWHTHRQ WKH UHVXOWYV |

$7
8QLW LV WKH PRGHUQ $ KRUL]JRQ LQ ERWK WUHQFKHV DQG LQF
EURZQ<5 WR JUDYHOO\ VDQG\ VLOW ZLWK FOD\ )LIJXUHV

7KLV PDVVLYH KHDYLO\ ELRWXUEDWHG GHSRVLW FRQWDLQV DEXQ((
WR PRGHUDWH JUDQXODU WR VXEDQJXODU EORFN\ VRLO VWUXFW X
Rl 4EW

6LWH $ )DXOW DQG 6WUXFWXUDO &KDUDFWHULVWLFYV

(YLGHQFH RI FRVHLVPLF IDXOW GLVSODFHPHQW LV IRXQG LQ ERWK
4EW DQG 4DR DUH YHUWLFDOO\ GLVSODFHG DQG IROGHG ZLWK I
VHSDUDWLRQ 7KH GHIRUPDWLRQ LV FRQVLVWHQW ZLWK GRPLQDQ
D FRPSOH[ ]JRQH RI VWHHSO\ GLSSLQJ DQWLWKHWLF IDXOW VWUDC(
HDVWHUQ SBYWLRKX WKWH D DQG D 30DWHYV WR 7TUL
REVHUYDWLRQV LQGLFDWH WKDW WKH IDX®WL®KQHVIWU LBNLMAH GRWDIK
GLSV RYHUDOO WR WKH ZHVW DQG LV FRPSRVHG RI PXOWLSOH FQC
DQG IROGV )LJIXUH

Bl "UHOFK Y YXERMBWUXFWXUH

,Q WUHQFK $7 WKHUH DUH WZR SULPDU\ IDXOW ]JRQHV D GLV
GLUHFWHG W ID@MELQRD®O HDVW VLGH GRZQ UHYHUVH DQG QRUPDO

P DQG D JUDEHQ ZLWK ILVVXUH ILOOV DW WKH HDVWHUQ HQG
DQG

7KH GLVWULEXWHG J]RQH RI IDXOWLQJ EHWZHHQ VWDWLRQV DQ
LQWHUSUHWHG VKHDUV ZLWKLQ EHGURFN WKDW MX[WDSRVH 4EW
KDYH VPDOO YHUWLFDO RIIVHWY RI WKH WRS RI WKH WXIlI VKRZQ
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P RQ WKH QRUWK ZDOO RI WUHQFK $7 D FP ZLGH ILVVXUH LV IL
FRLQFLGHQW ZLWK D VWHS LQ WKH WRS RI URFN 8QLW 6LPLO
DQG P DQG VRPH DSSHDU WR H[KLELW VHAKHY/® WWREHODHQ MM XAR
UHSUHVHQW ZHDWKHUHG IUDFWXUHV ZLWKLQ 4EW WKDW KDYH ILC
SURFHVVHV RU WKH\ PD\ EH XQUHODWHG WR WHFWRQLF GHIRUPDYV
P DUH LQWHUSUHWHG DV OLNHO\ IDXOWV EHFDXVH WKH RYHUO\L
EHFDXVH WKH\ GRQfW DSSHDU WR EH UHODWHG WR WKH LUUHJXOD
$ IROG KLQJH ZLWKLQ 8QLWV WR DORQJ ZLWK D VHULHV RI
IDXOWV ZLWK PLQRU GLVSODFHPHQW DUH ORFDWHG DW VWDWLRG
IROG KLQJH LQ WKH QRUWK ZDOO LV FRLQFLGHQW ZLWK D ZHVW C
GLVSODFHV 8QLWYV DQG WREH FZPWHBRHEBDS ZHVW GLSSLQJ QRUP
H[SRVHG RQ WKH VRXWK ZDOO RI WUHQFK $7 ZLWK FP RI GLVSO
PLQ ERWK ZDOOV Rl WUHQFK $7 VHYHUDO VWHHSO\ GLSSLQJ Zt
GLVSODFHPHQWY WR FP 1RQH Rl WKHVH IDXOWV FDQ EH WUI
WKH RYHUO\LQJ 8QLW SQLMDVW IMLGH XWH® WUHQFK $7 VWD
P 30DWHV DQG )DXOWLQJ DQG IROGLQJ LV LQWHUSUHWHG V
WR EHFDXVH WKHVH XQLWV H[KLELW SDUDOOHO FRQWDFWV L H
RU WKLFNHQLQJ DFURVV WKH IROG KLQJH RU DFURVV WKH VPDOO
ZLWK WKH PDSSHG IDXOW VFDUS DW 6LWH $ DQG DSSHDUV WR PDL
WKH IDXOW WR WKH QRUWK LV HQGLQJ DQG VWHSSLQJ WR WKH HD'

7KH HDVWHUQ IDXOW ]JRQH LQ WUHQFK $7 LV FRPSRVHG RI WZR Q
GLSSLQJ QRUPDO IDXOWNPWZAIGW IRUPXWH ILOOHG ZLWK JUDYHO UL

DQG D 30DWHV DQG 3KRWRYV DQG 7KH HDVWHUQ ID
LV ERXQG E\ 4EW DQG D P KLJK EHGURFN VFDUS 7KH ILVVX
\HOORZLVK EURZQ FOD\H\ VLOW ZLWK JUDYHO 7KH ERXQGDULHV R
WR EH IDXOW ERXQGHG EDVHG RQ GLVWLQFW YHUWLFDO FRQWDFW
WKDW DSSHDU MX[WDSRVHG DJDLQVW EHGURFN DQG FROOXYLXP

LV PDSSHG DV EHLQJ IDXOWHG GRZQ WR WKH ZHVW LQ ERWK ZD
$ ZKLWLVK JUDYHO 8QLWV DQG WKDW RYHUOLHV WKH FC
DORQJ ZLWK EORFNV RI 8QLW 8QLW PD\ EH IDXOWHG ZKHUH
HDVWHUQ HQG RI WKH ILVVXUH VKRZQ DV D TXHULHG IDXOW RU
EHHQ GHSRVLWHG DJDLQVW D EHGURFN VFDUS DIWHU IDXOWLQJ /
WKLFNHQ DFURVV WKH ILVVXUH
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JLVVX $0LJQt
J)LOO  7XI1l FC

3KRWR 9LHZ ORRNLQJ VRXWK DW WKH HDVW HQG
$7 DW WKH ILVVXUH DW VWDWLRQ P

BN "UHOFK POXQRWDEWUXFWXUH

,Q WUHQFK $7 D SULPDU\ DQWLWKHWLF IDXOW JRQH H[LVWV DW V
W R P WKDW LQFOXGHV D W R P ZLGH QRUWKZHVW WR QR
DQDVWRPRVLQJ FOD\ OLQHG VKHDUV 7KH IDXOW ]RGHGRURGXFHYV
GLVSODFHPHQW RI WKH WRS RI 4EW )LJXUHV DQG D 30DWHV

P LQFOXGHV D FRPSOH[ 9 VKDSHG ]JRQH RI ILVVXUH ILOOV DQ
GHULYHG DQG RU ILVVXUH ILOOV ERXQG RQ WKH HDVW DQG ZHVW
QRUWKHDVW VWULNLQJ IDXOWV WKDW H[WHQG XS WR WKH EDVH RI
DORQJ IDXOW VXUIDFHV LQGLFDWH ZHVW GRZQ GH[WUDO REOLTXH
DQG PLQRU IDXOWV PDSSHG HDVW Rl WKH 9 VKDSHG IDXOW ]JRQH E
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4EW DQG 8QLWYV D DQG E DORQJ QRUWK WR QRUWKHDVW V
D 30DWH

HYHUDO ROGHU QRUWK QRUWKHDVW WR QRUWKZHVW VWULNLQJ
DQWLWKHWLF IDXOW JRQH DW RU QHDU VWDWLRQV

IDXOWV LQFOXGH PDSSHG VKHDUV ZLWKLQ 8QLWV WKURXJK \
DQG QDUURZ ILVVXUH ILOOV ,Q VRPH FDVHV WKHVH VPDOO IDXC
LQWHUSUHWHG VKHDUV WKURXJK XQLWV ZLWK QR GHPRQVWUDEOH
HJ IDXOW DW VWDWLRQ P 7KHVH IDXOWYV DUH SULPDULO\ LQ!
FRPSDUHG WR WKH HDVWHUQ IDXOW ]JRQH EHFDXVH WKH\ SURGXF#
A4EW DQG 4DR LQ WUHQFK $7

6LWH $ 1XPEHU DQG 7LPLQJ RI 6XUIDFH 5XSWXUHV

7UHQFKHV $7 DQG $7 SURYLGH VWUDWLJUDS KLU DDFG W B WKW K ¢
HYHQWVY VLQFH WKH GHSRVLWLRQ RI 4EW ZKHQ FRQVLGHULQJ C

WUHQFKHV )LIXUHV (YLGHQFH IRU FR VHLVPLF UXSWXUH L
XSZDUG IDXOW WHUPLQDWLRQV FROOXYLDO ZHGJHV DQG ILVVXU]
HYLGHQFH IRU SUH DQG SRVW 4HF ND IDXOWLQJ DQG YH

GLVSODFHPHQW ,Q WKH IROORZLQJ VHFWLRQ ZH GLVFXVV WKH R
VWUDWLJUDSK\ EHWZHHQ WKH WZR WUHQFKHV 7KH UDQJH LQ LC
IRUPDW LQ )LJXUH

Bl UHOFKYHOW &KURQRORJ\

TUHQFK $7 ORFDWHG DSSUR[LPDWHO\ P QRUWK RI WUHQFK !
VWUXFWXUDO HYLGHQFH IRU WZR RU PRUH HYHQWYV ZLWKLQ WKH C
VRPH RI WKHVH HYHQWYV LV H[SRVHG LQ ERWK WUHQFK ZDOOV
LQWHUSUHWHG HYHQWYV PD\ EH OLPLWHG WR D VLQJOH WUHQFK F
VWUDWLJUDSK\ LV GLVFXVVHG IURP \RXQJHVW WR ROGHVW

BN (YHQW ( O5MUHQFK $7
Preferred Interpretation (YLGHQFH IRU WKH PRVW UHRENQWKHYNQW DGRV LW

8QLWV DQG DW WKH HDVW HQG RI WUHQFK $7 DJDLQVW
VFDUS FRPSRVHG RI 4EW )LJXUHV D DQG 30DWH DQG  3KR
8QLWV DQG WKLFNHQ WRZDUGV WKH VWHHSO\ HDVW GLSSL

FDQ EH LQWHUSUHWHG DV HLWKHU IDXOWHG 9R RU EXWWUHVVHG

$ VXEKRUL]JRQWDO IUHVK EDQG RI WXII H[SRVHG DORQJ WKH E
VXJIHVWV FP RI GLS GLVSODFHPHQW LQ WKH 05( ZKLFK FDXVH
EH GRZQ GURSSHG E\ WKDW DPRXQW DJDLQVW WKH EHGURFN VFDU
WKH FROOXYLXP ZDV GHSRVLWHG DJDLQVW D EHGURFN IUHH IDFH
SRVW GDWH (YHQWW LQGLFDWRU UDQNLQJV OLVWHG LQ 7DEOH
SUHIHUHQFH IRU RQH PRGHO RU WKH RWKHU ZKHUH VRPH WHDP P|
DQG WKHUHIRUH UDQNHG WKLV HYHQW LQGLFDWRU DV 1&
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2WKHU HYHQW LQGLFDWRUV LQ WUHQFK $7 RQ WKH VRXWK zZDOO |
)LV DQG $F ZKHUH WKH EDVH RI 8QLW LV IDXOWHG FP DQG
8QLW )J)LIXUH D 30ODWH 3KRWR 8QLW LQFOXGHV FOD

ZKLFK PD\ UHSUHVHQW IDXOW GHULYHG ILVVXUH ILOO 2QH DO
D YHUWLFDO VWHS LQ WKH EDVH RI 8QLW 3KRWR DQG PD\ EI
IDXOWLQJ HYHQWVQODMHUQBMWWHG VKHDUV RITVHWWLQJ WKH EDVH R
8QLW DQG FDQ EH LQWHUSUHWHG DV XSZDUG WHUPLQDWLRQV 8

VKHDUV ZLWKLQ WKLV FRDUVH PDWHULDO LV XQOLNHO\ DQG WKHL!
FDUHIXOO\

Alternative Interpretation %DVHG RQ WKH FRQWDFW EHWZHHQ 8QLWYV D (
LOQWHUSUHW WKH IDXOWLQJ DQG ILVVXUL®@J RILIRQUW DD V/ IDEDHHS D L
+RZHYHU WKLV FRQWDFW ZDV SRRUO\ H[SUHVVHG ZLWKLQ WKH FREL
LQGLFDWRUYV ZLWKLQ 8QLW DUH RQO\ SHUVHYHUHG RQ WKH VR)

WKDW WKHVH HYHQW LQGLFDWRUV ZHDBGRWRHGHDRUSID ZW RV \Y B
FRQILGHQFH WR WHBH YHSUDWH

$YDLODEOH GDWD IURP WUHQFK $7 \WRLVNFR@QULPKWHIGQ 6K HE D WH R | U¥

DQG GHSRVLWYV LQGLFDWH WKH\ DUH ! (NDDXO®O®IKE WK BDWYH
ROGHU 30HLVWRFHQH GHSRVLWYV OLQLPXP OLPLWLQJ DJHV DUH (
IXUWKHU GLVFXWVVLIRAH FIRQXNAWWDLQWY EDVHG RQ UHVXOWYV IURP W

BN (YHQWJ( LQUHQFK $7
Preferred Interpretation:. (YLGHQFH IRURQHWKH VRXWK ZDOO RI WUHQFK $7
E\ WKH GLVSODFHPHQW 9R RI 8QLW DIJDLQVW 8QLWYV DQG ),
FOD\H\ PDWUL[ DQG DQ DOLJQHG FODVW $F DW VWDWLRQ P
2Q WKH QRUWK ZDOO WKLV HYHQW LV GHILQHG E\ D VPDOO a
ERXQGLQJ 8QLW WHUPLQDWH DW WKH EDVH RI 8QLW RQ ERWK

GDWHV WKH IRUPDWLRQ RI WKH DUJLOOLF VRLO(KRKRIRIGHBQ LW
SRRUO\ FRQVWUDLQHG

‘H WHQWDWLYHO\ LQIHU D PLQLPXP OLPLWLQJ DJH RI a ND EDVHG

7DEOH ZKLFK LV JHQHUDOO\ VXSSRUWHG E\ WKH ODWHVW 30
7DEOH IURP 8QLW LQ WUHQFK %7 FR$OG IEH QRGN GAK DQH!Q \
EDVHG RQ 26/ DJHV IURP 8QLW LQ $7 $ FRQVHUYDWLYH PDJ[LP
IDXOWHG %W KRUL]JRQ LV ND

BN (YHQW (JUH@FK $7

Preferred Interpretation:. (YLGHQFH IRU  KYHSQMWMVHQW LQ WKH ZHVWHUQ IDXC
$7 EHWZHHQ VWDWLRQV WR P DQG LQFOXGHYV D GLVWULEXWHG

ZHVW GLUHFWHG)WIDOWLQJ BDEOH 3ODWHV DQG 7TKH IDXOV
LQGLFDWRUY 9R 7Z DUH PDSSHG RQ ERWK WUHQFK ZDOOV ZLWK
8QLWYV WR ZKLFK PHDQV WKH GHIRUPDWLRQ SRVW GDWHV
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FRQIRUPDEOH ZLWK QR HYLGHQFH RI HURVLRQ RU WKLFNHQLQJ DFI
DQG IDXOWLQJ GR QRW RIIVHW WKH EDVH RI §QUWSUHWHOQ WYV RWOW
HDUWKTXDNHYV RU D VLQJOH HYHQW SRKUBODIFARQVWIDQRWHG EXW C
DIWHU ND DQG EHIRUH 8QLW ! ND EDVHG RQ 26/ GDWD 1
GDWH 8QLW EXW WKLV LV GLIILFXOW WR UHVROYH

BN 0XOWLSOH (DUO\ 4XDWHMHQBK\SIYHQWYV LQ

Preferred Interpretation 'LWKLQ WUHQFK $7 WKH ROGHVW IDXOWLQJ HYH
MX[WDSRVLWLRQ RI WKH 30HLVWRFHQH ILQH JUDLQHG DHROLDQ G|
DQG EHGURFN 8QLWYV DQG DFURVV D ]JRQH RI QRUWKZHVW VYV
VWDWLRQV P )LIJXUH 7DEOH 30DWHV DQG 7KH VKH
RI IDXOWLQJ WHUPLQDWH ZLWKLQ 8QLW DQG LQ RQH FDVH DW
Rl WUHQFK $7 WKLV IDXOWLQJ HYHQW LQFOXGHV D P ZLGH IL\
Rl %DQGHOLHU 7XIl LV a FP KLJKHU RQ WKH HDVW VLGH RI WKH IL"
ZDOOV WKH EHWD KRULJRQ 8QLW LV WKLQQHU RQ WKH HDVW

Alternative Interpretation $Q DOWHUQDWLYH H[SODQDWLRQ LV WKDW UHO
HDUOLHU HYHQWY GR QRW UHSUHVHQW IDXOWLQJ EXW DUH SRVYV
I[UDFWXUHV ZLWKLQ WKH %DQGHOLHU 7XII

7KH DJH RI WKHVH LQWHUSUHWHG HYHQWYV LV SRRUO\ FRQVWUDLQ
FKURQRORJ\ GDWD WKHVH HYHQWYV GLVSODFH GHSRVLWYV WKDW D
WKDQ ND EDVHG RQ VRLO GHYHORSPHQW DJH HVWLPDWHYV

B 'UHOFK ¢VHOW &KURQRORJ\

$W 6LWH $ WSHRFKGHY VWUDWLIJUDSKLF DQG VWUXFWXUDO HYLGH
GHSRVLWLRQ RI 4EW )LJXUHV D DQG 3ODWHV DQG 2YHUL
$7 LV FRQVLVWHQW EHWZHHQ WUHQFK ZDOOV ZKLFK OHDGV WR

LOQOWHUSUHWHG HYHQWYV ,Q WKH VHFWLRQ EHORZ ZH DGGUHVV
OLNHOLKRRG® RI KDYLQJ RFFXUUHG EDVHG RQ WKH VWUDWLJUDSK
WUHQFK DV ZHOO DV DOWHUQDWLYH LOWHUSUHWDWLRQV 7TKH HY
(YHQW WR ROGHVW (YHQW

BN (YHEeWO05( 3REWWHHWF LW HQFK $7
Preferred Interpretation (YLGHQFH IRU WKH \RXQJHVW HYHQW LED WHG QREK ¢

WKH EDVDO RIIVHW 9R DQG ZDUSLQJ 7Z RI 8QLW DW VWDWLR
RI WKH WUHQFK )LJXUHV D DQG 3O0DWHV DQG 7TDEOH 2

LV YHUWLFDOO\ GLVSODFHG E\ DERXW WR FP ZLWK WKH ZHV
RI VKHDUV WKDW RIITVHW WKH XQGHUO\LQJ 8QLWYV DQG VWDV

YHUWLFDOO\ GLVSODFHG E\ DERXW FP ZHVW VLGH GRZQ DQG 7
HDVWHUQ PRVW IDXOW ZLWKLQ WKH SULPDU\ IDXOW ]JRQH 8QLW
WKLFNHQV ZHVWZDUG 2Q WKH VRXWK ZDOO 8QLW WKLFNHQV
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FP DQG SLQFKHV RXW RQ WKH IRRWZDOO VWDWLRQ 7TDEO}
HLWKHU IDXOWHG 9R RU ZDUSHG 7Z LQ WKH HDVWHUQ SRUWLRQ

(YH@QWLV LQWHUSUHWHG WR KDYH RFFXUUHG SRVW a ND RQ WKH
ZLWKLQ WKH IDXOW JRQH 26/ UHVXOWYV LQGLFDWH WKH IDXOWHG
SDUWLDOO\ UHVHWRBIWND 7DEOH 7TKHUH LV QR GDWD DYDLO
PLQLPXP DJH RWKHU WKDQ WKH YHU\ VKRUW KLVWRULFDO VHLVPLF

BN (YHQW (JUH@FK $7

Preferred Interpretation (YHQW.Q WUHQFK $7 LV EDVHG RQ ZDUSLQJ 7z
ORFDO WKLFNHQLQJ 7K DQG WKLQQLQJ RI 8QLW ZLWKLQ WKH |
VWDWLRQV P )LIXUHV D DQG 30DWH DQG 7DEOH
LQGLFDWRUYV DUH WKH WKLFNHQLQJ DQG IDXOWLQJ RI 8QLW RQ
EDVH RI 8QLWV DQG DUH RIIVHW 2Q WKWRQRURX BROW RI WU
WKLFNHU ZLWKLQ WKH PLGGOH RI WKH SULPDU\ IDXOW ]JRQH JUDEH
IDXOW ]JRQH ZKHUH WKH XQLW WKLQV SUHVXPDEO\ GXH WR XSOLIW

WR WHUPLQDWH ZLWKLQ 8QLW 8WD RQ WKH VRXWK ZDOO DW V
( RU )LJIXUH D )DXOWLQJ RI WKH EDVH RI 8QLW LV OHVV FRC
IDXOWLQJ H[KLELWYV GLVSODFHPHQWYV RI FP VWDWLRQ a P +F

WKH EDVH RI 8QLW LV PRUH WKDQ WKH WRS RI WKLV XQLW VXJJ
(

(YHQWFOHDUO\ SRVW GDWHV 8QLW ( DADVEGHRQD2WH J HYWLPDW
WKH RYHUO\LQJ 8QLW @ HP X@MA K DWKD RIFFHIQMW G EHIRUH  ND  $
IRU LV GLIILFXOW WR HVWLPDWH EXW LV OLNHO\ ND

BN (YHOW7UH@FK $7
Preferred Interpretation 7KH LQWHUSUHWDWQRRVURRFKHEW LV EDVHG RQ WK
Rl IDXOW UHODWHG FROOXYLXP VFDUS GHULYHG DQG RU ILVVXUI
ZHGJH 8QLW WKDW IRUPHG RQ WRS RI 8QLW JLIXUHV D DC
7KH EDVH RI 8QLW LV PDUNHG E\ D SURPLQHQW VWRQH OLQH EH
LV D WKLQ ILQH WR FRDUVH JUDLQHG FROOXYLDO GHSRVLW WKD
IDXOW ]JRQH (YHQW LQGLEOMOHNOHIRE DYHQ®WE DV H[SRVHG RQ E

HI[DPSOH DQ XSzbUG WHUPLQDWLRQ DW WKH EDVH RI 8QLW RC
LQWHUSUHWHG WR EH DYVRFHDXVOHMVELQUWIKQ (WKEWHQHUDWLRQ RI1 8C
B8WE ZKHUH D IDXOW FXWV 8QLW LV ORFDWHG DW VWDWLRQ L

7KH WLPLQJ RISYH@GWWHY WKH GHYHORSPHQW RI WKH %W KRUL]R
PXVW EH ROGHU WKDQ a ND EDVHG RQ 26/ UHVXOWYV IURP 8QLW
EDVHG RQ WKH GHJUHH RI VRLO GHYHORSPHQW LQ 8QLW YLIX UL
LV GLIILFXOW WR HVWLPDWH EDVHG RQ WKH DYDLODEOH GDWD
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BEEEE (YHQW UH@FK $7

Preferred Interpretaton (YHQWLQ WUHQFK $7 LV EDVHG RQ WKH SUHVHQ
FROOXYLXP 8QLW VFDUS GHULYHG DQG RU ILVVXUH ILOO DORQ
P JLIXUHV D DQG 30DWH DQG 7DEOH 2WKHU HYHQW L¢
61 ORVW HYHQW LQGLFDWRUV DUH VHHQ RQ ERWK ZDOOV DQG ZHU!
FRDUVHU &VQIW WKDQ WKH XQGHUO\LQJ DQG DGMDFHQW XQLWYV
IDXOWHG PDUJLQV RI 8QLW DUH FRLQFLGHQW ZLWK 61 GHYHOR
7KH OLPLWHG YHUWLFDO UHOLHI RQ WKH EDVH RI WKLV XQLW VXJ.
WR REOLTXH RSHQLQJ RI D IDXOW JRQH ILVVXUH

$V ZLWK (YHWQWUH GDWHV WKH GHYHORSPHQW RI WKH %W KRUL
WKXV PXVW EH ROGHU WKDQ a ND EDVHG RQ 26/ UHVXOWYV IURP
PD[LPXP FRQVWUDLQLQJ DJH LV GLIILFXOW WR HVWLPDWH EDVHG F

BN (YHQWV DQGHFBQHAQFK $7
Preferred Interpretation 7KH ROGHVW BBOQMWQ/ WUHQFK $7 DUH EDVHG RQ \
WR P YHUWLFDO RIIVHWY 9R RI GHSRVLWYV ZLWKLQ 8QLW W k
7TDEOH (YLGHQFH IRU PRVW RI WKHVH HYHQWY DUH IRXQG WHF
EHWZHHQ VWDWLRQV DQG P DQG DUH H[SRVHG RQ ERWK ZDOOV
HYHQWY LQFOXGH XSZDUG WHUPLQDWLRQ RI D IDXOW DW WKH EDV

WHUPLQDWLRQV RFFXU DW WKH EDVH RI 8QLW )RU H[DPSOH D
$7 WKUHH IDXOWV DUH PDSSHG DV GLVSODFLQJ WKH EDVH RI 8QL
RI 8QLW SWE 7ZR VHSOUDWH HYWBWSUHWHG KHUH EDVHG RQ W
XSZDUG WHUPLQDWLRQV HJ EDVH RI 8QLW LV IDXOWHG LQ SO
8QLW (YH@WOXGHV XSZDUG WHUPLQDWLRQV DW MXAHDOXGNW RI
XSZDUG WHUPLQDWLRQV DW WKH EDVH RI 8QLW DQG 9R RI 8QL
YLIXUH 30DWH

2YHUDOO WKH DJH( RDUHH®RWRW O\ FRQVWUDLQHG EXW DUH OLNHO
XSZDUG WUXQFDWLRQV DW WKH EDVH RI 8QLW HVWLPDWHG W]
WUHQFK $7 4DR VWUDWLJUDSK\ )LJXUH

BN 6 XPPDUVRH@QWURQRDWRIGLWH $

&ROOHFWLYHO\ WKH WUHQFKHV DW 6LWH $ SURYLGH HYLGHQFH

UXSWXUHV DQG WZR SRVW 4HF ND UXSWXUHV )LIXUH

LQDGHTXDWH IRU GHYHORSLQJ UREXVW OLPLWV RQ WKH DJHV RI W

ZLWKLQ WKH 4DR GHSRRLWYHQWVSUH GDWH WK#%H\BRBPIIRGHQWSQLW
DQG WKXV PXVW EH ROGHU WKDQ a ND )LIJXUH

(YHQW\WD QG SRVW GDWH 8QLW DQG WKH 26/ GDWHV IURP 8QLW
HYHQW DJH HVWLPDWHV )LIJXUH 7DEOH %DVHG RQ WKH FR
7DEOH (YHQWWUHQFK $7 LV D KLJK FRQILGHQFH HYHQW UHSU
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RIIVHW DQG ZDUSLQJ RI 8QLW JLIXUH D  7KH 26/ GDWHV IR
LQGLFDWH \WKDW\RXQIWU WKDQ ND )LJIXUH 7KH GLVFUHSI
DJHV ZLWKLQ WKH IDXOW ]JRQH ND YHUVXV WKH 26/ DJHV IUR
WR WKH ZHVW ND LV OLNHO\ GXH WR SDUWLDO EOHDFKLQJ
(YHQWRFFXUUHG ,I FRUUHFW WKHQ WEHEHF WRKOWLG HURE QY NRX\WQ J |
ND(YHQW.Q WUHQFK $7 LV DOVR D KLJK FRQILGHQFH HYHQV

DQG DUH IDXOWHG DJDLQVW EHGURFN 3KRWRYV DQ

LQGLFDWRUY IRQ WWHGIFKHMG $7 DUH SUHVHUYHG LQ VLPLODU GH
VWUDWLJUDSKLF SRVLWLRQ VR LW LV (UHDY RQEEFAH WRK B \WWMDXPHH  V
HYHQW DV (Y8 QWS$HQFKDEOH

$ERYH ZH GLVFXVV D SRRUO\ FRQVWUDLQHG DOWHUQDWIDYH LQWH
WKDW PD\ SUH GDWH WKH 05( E\ RIIVHWWLQJ WKH EDVH RI 8QLW

D 7KH HYLGHQFH IRU WKLV HYHQW LV EDVHG RQ D VLQJOH SRI
8QLW ZKLFK LV SUHVHQW RQO\ RQ WKH VRXWK ZDOO RI WUHC
DVVLJQHG D ORZ FRQILGHQFH UDQNLQJ 7DEOHV DQG

7KH (YHQWVUHQFKHV $7 DQG $7 GLVSODFHV ZDUSV DQG WKLFN
WKDW RYHUOLHV WKH PDMRULW\ RI WKH GHSRVLWYV H[SRVHG LQ W
DQG %DVHG RQ WKH FRQILGHQFH UDQNLQJ (FUMVIHUW B WSKRZWQF
DV D PRGHUDWH WR KLJK FRQILGHQFH HYHQW WKDW SRVW GDWHYV
WKH DUJLOOLF %W KRUL]JRQ RI 8QLW )XUWKHU DJH FRQVWUDL
DJH GDWD ,Q WUHQFKISNHO\(BHWGWEDWHY WKH RYHUO\LQJ 8QLW
LW LV DOVR SRV \LERFHFXWKHE OMMHW GHSRVLWLRQ RI 8QLW DV
26/ DJH HVWLPDWHV IURP WKH RYHUO\LQJ 8QLW (LG UREDEPOK $7
RFEXUUHG EHIRUH ND $ PD][(LPXW ®LIHLIFRXD (W MWEWM VWLPDWH DQG

7TKH SUHIHUUHG LQWHUSUHWDWLRQ IRU WKH SDOHRVHLVPLF KLVW
\RXQJHU WKDQ ND DQG WKH 3( OLNHO\ RFFXUULQJ ZLWKLQ RU ¢
JRXU DGGLWLRQDO HYHQWYV ZHUH UHFRUGHG SULRU WR WKH GHSF
SULRU WR ND DQG WZR HYHQWYV RFFXUULQJ SULRU WR ND
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67(%3$/(26(,60,819(67,*$7,21

6LWH % 1f : f P HOHYDWLRQ LV DORQJ WKH QRUWKHUQ
IDXOW DQG LV ERUGHUHG RQ WKH VRXWK E\ 1HZ OH[LFR +LJKZD\ f
RQ WKH QRUWK E\ :DWHU &DQ\RQ )LIJXUHYV DQG 7KH VLWH L
$ RQ86 )RUHVW 6HUYLFH SURSHUW\ DQG LV GLUHFWO\ ZHVW RI /$
% DGMDFHQW WR WKH ORFDWLRQ RI IRUPHU WUHQFK OF&DO
WRSRJUDSKLF HVFDUSPHQW FRLQFLGHQW LQ SDUW ZLWK WKH
4XDWHUQDU\ EHGURFN DQG PXOWLSOH DOOXYLDO IDQ GHSRVLWYV
DW 6LWH % LV PDSSHG DV KDYLQJ PXOWLSOH QRUWK VWULNLQJ |
SURPLQHQW VWUDQG DOLJQHG ZLWK WKH VWHHS EHGURFN HVFDU!
GHSRVLWYV *RIlI HW DO /HZLV HW DO .RQLQJ DQG .HOO'l}
EHGURFN NQLFN SRLQWYV ZDWHUIDOOV LQ EHGURFN DORQJ WKH DG
ZLWK LPPDWXUH RDN WUHHV VKUXEV DQG VFDWWHUHG SLQHV WK
IRUHVW ILUH RI

7TKH SDOHRVHLVPLF LQYHVWLIJDWLRQ DW 6LWH % LQFOXGHG GHW
PXOWLSOH KDQG DXJHUHG ERUHKROHV DQG H[FDYDWLRQ RI WZF
JLIXUHYV DQG 6 XUILFLDO 4XDWHUQDU\ GHSRVLWY DUH JHQF
WKH VLWH ZLWK WKH H[FHSWLRQ RI WKH VKDOORZ 4EW ZKLFK LV
WKH QRUWK DQG ZHVW RI WKH VLWH TUHQFKHV %7 DQG %7 ZHI
OF&DOSLQ LQ DQ DUHD EHOLHYHG WR EH UHODWLYHO\ XQC
SRVW ILUH ZRUN 7KH WUHQFK VLWH ZDV VHOHFWHG GXH WR LWV L
SUR[LPLW\ WR WKH SUHYLRXV WUHQFK DQG IDYRUDEOH ODWH 4
IDXOW DFwWLYLW\ HJ VHYHUDO PHWHUV RI ODWH 4XDWHUQDU\ D
4HF )LJXUH ,Q DGGLWLRQ WKH WUHQFK LV LQWHUSUHWHG W
DVVRFLDWHG ZLWK WKH 3DMDULWR IDXOW DW WKLV ODWLWXGH 7
IURP WR P DQG WR DV GHHS DV P ZHUH H[FDYDWHG LQ $
SUHYLRXVO\ PDSSHG IDXOW VWUDQGVY RI WKH 3DMDULWR IDXOW ¢
SUHYLRXVO\ PDSSHG +RORFHQH IDXOWLQJ OF&DOSLQ /IDVWO
HIWHQGHG HDVWZDUG DERXW P LQ 2FWREHU WR H[SORUH
UHODWLRQVKLS EHWZHHQ 4HF DQG DOOXYLDO GHSRVLWYV

6LWH % *HRORJLF ODSSLQJ

$V PHQWLRQHG LQ 6HFWLRQ WKH 3DMDULWR IDXOW DW 6LWH %
UHODWLYHO\ QDUURZ SULPDU\ J1RQH RI QRUWK VWULNLQJ IDXOW\
SURPLQHQW HDVW IDFLQJ WRSRJUDSKLF HVFDUSPHQW &URVV VH
/IHZLV HW DO WKURXJK WKH 6LWH % DUHD VKRZV WKH 3DMDU
WKDW LQFOXGHV WKUHH SULPDU\ VWUXFWXUDO HOHPHQWYV D C
WHQVLRQ IHDWXUHY DORQJ WKH XSSHU PRQRFOLQDO KLQJH OF&LC
IDXOWHG ORZHU KLQJH ZLWK DW OHDVW P RI HDVW VLGH GRZQ G
IDXOW VWUDQGV /HZLV HW DO H J 6LWH % DQG D QRUW]
DOQWLWKHWLF IDXOWYV LQ WKH KDQJLQJ ZDOO RI WKH SULPDU\ IDXC
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3DMDULWR IDXOW GLVSODFHVY WKH 4EW 4EW EDVDO FPRBWDFW R
HDVW 'HIRUPDWLRQ DFURVYV WKH 3DMDULWR IDXOW LQ WKLV DUHI
UXSWXUH DW GHSWK DQG PLQRU EULWWOH GLVSODFHPHQW DW \
ZDUSLQJ RI ODUJH EHGURFN EORFNV DW RU QHDU WKH JURXQG VXU
HW DO

%DVHG RQ 6LWH % 3KDVH PDSSLQJ PXOWLSOH LQVHW ODWH 3C
VHYHUDO SUHYLRXVO\ PDSSHG IDXOWV DQG D EXULHG 4HF GHSRVL)
DUH IRXU SULPDU\ JHRORJLF XQLWV WKDW IURP ROGHVW WR \F
4XDWHUQDU\ DOOXYLDO IDQ GHSRVLWYV 4HF DQG +RORFHQH F
GHSRVLWYV )LJXUHV DQG $00 RI WKHVH XQLWY DUH LQV

DQG LQFOXGH PXOWLSOH VXEXQLWY ZLWKLQ WKH WUHQFKHV WKD
7KH VWUDWLJUDSKLF SDFNDJHVY LQ WKH WUHQFKHY DUH GLIITHUHQ)
DQG .HOOH\ RQ WKH EDVLV RI EXULHG SDOHRVROV DQG XQ
YDULDWLRQV DQG GHSRVLWLRQDO RULJLQ 'LYLGLQJ WKH PDS 2>
FKDUDFWHUL]H WKH VWUXFWXUDO DQG VWUDWLJUDSKLF HYLGHQF!

$ JHQHUDOL]J]HG GHVFULSWLRQ RI WKH IRXU SULPDU\ JHRORJLF PD*¢

%DQGHOLHU 7X3UHMHEW XV JHRFKHPLFDO DQDO\WVHV RI EHGUREFN

WUHQFK DQG H[SRVHG LQ URDG FXWV DORQJ 10 +LJKZD\ I
FRQVLVWV RI XQLWV 4EW DQG 4EW LQ IDXOW FRQWDFW *C
JLIXUH 7KH EHGURFN UDQJHV IURP KLJKO\ ZHDWKHUH

IDWH 4XDWHUQDU\ $OO0OXYLDO )DQV 6HYHUDO ODWH 4XDWHU
%DQGHOLHU 7XII EHGURFN XSVORSH RI WKH WUHQFKHV DQG
GRZQVORSH DV PDS XQLWYV 4IL PLGGOH 30OHLVWRFHQH WR
ODWHVW 30HLVWRFHQH WR HDUO\ +RORFHQH J)LIXUH .R
VDPSOHVY FROOHFWHG IURP WKH ZDOOV RI DQ DUUR\R WKDW F
DQ DJH IRU 8QLW 41\ DV ODWH 30HLV&VRBHQHRWR HDUOD®ROF
: ZKLFK FDOLEUDWH WR DERXW ND 8QLWYV 41L 4
JLIXUH DUH SUHVHQW LQ WUHQFKHYV %7 DQG %7 6HH $¢
IRUD GHWDLOHG GHVFULSWLRQ RI WKH PDS XQLWYV
(O &DMHWH SXPLFH 4HF 3ULPDU\ MBF GHSRVLWYV DUH FRPPRQ
DV WKLQ P WKLFN WDEXODU EHGV FRQVLVWLQJ RI PDVVLYH
DV UHYHUVHO\ JUDGHG WR FP ORQJ \HOORZ WR WDQ SXPL
SKHQRFU\VWYV )LJXUH 7KLV WHSKUD ZDV UHRUGBWO\ GD W'
DQG 8 7TK WHFKQLTXHYVY =LPPHUHU HW DO
+RORFHQH &ROOXYLDOKAHORBEBQRYKDHO VORSH ZDVK PDWHULDO
FROOXYLDO OD\HU WKDW LV XQGHUJRLQJ GRZQVORSH PRYHPH!
J)LIXUH W FRPSULVHV D JUDYHO ULFK GHSRVLW ZLWK D
LV XVXDOO\ FDSSHG E\ DQ RUJDQLF ULFK GDUNHQHG VXUIDFH
DSSDUHQW % KRUL]JRQ GHYHORSPHQW UHFRJQL]JHG LQ DQ\ RI W

/&, SBURMHFW 1R 6HSWHPEHU



IXJ

ZLWK D +RORFHQH DJH 7KH FODVW VXSSRUWHG JUDYHO LV W
ZKHUHDV WKHUH LV GLVVHPLQDWHG JUDYHO VFDWWHUHG WKU

6LWH % 3DOHRVHLVPLF TUHQFKLQJ 5HVXOWYV

TUHQFKHYVY %7 DQG %7 H[SRVHG EHGURFN 8QLW 4EW W DOOX
DQRQG FROOXYLDO VORSH ZDVK GHSRVLWYV )LJXUH 3KRWRYV

FROOXYLDO GHSRVLW FRQWDLQV RQH RU PRUH VXEXQLWY ZLWK (
FRQVLVWY RI HLWKHU D VLQJOH EHG RI DOOXYLXP FROOXYLXP D .
EHGGHG DOOXYLDO FROOXYLDO GHSRVLWYV (DFK VXEXQLW LV DV\
VWUDWLJUDSKLF SRVLWLRQ ZLWKLQ WKH WUHQFK VXEXQLW QXPEI
WUHQFK DQG DUH GHSLFWHG RQ WKH WUHQFK ORJV DQG LQ )LJXUH
ORJV ZLWK OLWKRORJLF VXEXQLW GHVFULSWLRQVY DUH LQFOXGHG

7KH DJH RI WKH GHSRVLWV H[SRVHG LQ WUHQFKHV %7 DQG
GHWHUPLQDWLRQV RI GHWULWDO FKDUERPMWYL Q& HEXK@LKRYY]R QVDY

IURP DQDO\VLV RI TXDUW] JUDLQV LQ 26/ VDPSOHYV VDPSOHYV |
SURILOHV GHVFULEHG LQ NH\ ORFDWLRQV WKURXJKRXW WKH WUH:(
3', DJH HVWLPDWHV )LIXUH 7TDEOHYV WR VXPPDUL]H V

DERDO\WHV RI WKH YDULRXV VDPSOHV LQFOXGLQJ VDPSOH W\SH Ol
DQRG UHODWLYH 3,1V IRU XQLWV H[SRVHG LQ WKH WUHQFKHV

7KH UHVXOWYV RI UDGLRFDUERQ DQDO\WHV FRXSOHG ZLWK RWKHU
GHWHUPLQH WKH PRVW SUREDEOH DJHV RI WKH GHSRVLWYV DW 6LW
DQ H[FHOOHQW DJH FRQVWUDLQW IRU YLHZLQJ VLWH GHSRVLWV L
GHSRVLWLRQ DQG IDFLOLWD W& VDRDR 8 E UDHVIXFOW R | WHKHH )A6)/X U H
SURYLGHV DQ RYHUYLHZ RI JHQHUD@®LPHEGS V2B H @ PR S\OMU D W D W
ODERUDWRU\ DJH UHVXOWV DQG WKH ORFDWLRQ RI VDPSOHV ZLW
%7 3', VRLO DJHV LQ WKLV VWXG\ DUH JHQHUDOO\ XVHG WR SUR
IRU WKRVH GHSRVLWYV WKDW DUH ROGHU WKDQ WKH 4HF ZKHUHDYV
XVLQJ DEVROXWH DJH GDWLQXVSEE CHWKREV 2 B/QIEQEHODWLYH DJH
WHFKQLTXHV 3, 6WUDWLJUDSKLF UHODWLRQV DORQJ ZLWK WK
VXJJHVWV WKDW PXOWLSOH HSLVRGHV RI HURVLRQ GHSRVLWLRQ
GHYHORSPHQW DUH SUHVHUYHG LQ WUHQFKHV %7 DQG %7 )LJX

6RLOV ZKHUH QRWHG LQ VWUDWLIJUDSKLF XQLWYV UHFRUG SHULRG
DPRXQWYV RI GHSRVLWLRQ RU HURVLRQ OXOWLSOH EXULHG VRLC
H[SRVXUHVY 6RPH RI WKHVH VRLO KRUL]JRQV DUH GLVFRQWLQXR
FROQWLQXRXV DORQJ WKH OHQIJWK RI WKH WUHQFKHYV 6RLO SURIL
DUH SUHVHUYHG WKURXJKRXW WKH DOOXYLDO IDQ GHSRVLWY DQC
WKH ORFDWLRQV RI GHWDLOHG VRLO SURILOH GHVFULSWLRQV XVF
DJH™ DVVRFLDWHG ZLWK WKH GHSRVLWYV 7KH SHGRJHQLF KRUL]
ERXQGDULHV DQG VXEVHTXHQWO\ KDV KHOSHG FKDUDFWHUL]JH W
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&RPSOHWH VRLO GHVFULSWLRQV DUH SURYLGHG LQ $SSHQGL[ % I
VKRZQ RQ GHWDLOHG ORJV IRU WUHQFKHV %7 DQG %7 3ODWHYV
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3KRWR SDQRUDPLF YLHZ ORRNMKYJIJ HDRAWHD WUGLQ\FHK % TV UHIQV K [FLC
VKRUWO\ DIWHU WUHQFK %7 WR WKH QRUWKHDVW DV VKRZQ E\ D
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3KRWR JLHOG SKRWRPRVDLF ORRNLQJ QRUWK DW WUHQFKHYV %7 DQ
WKH LOOXVLRQ RI D EHQW WUHQFK %7 KRZHYHU WUHQFK %7 ZDV VW

3KRWR 9LHZ WR WKH QRUWKZHVW S3KRWRPRVDLF RI WUHQFK %7 k
RI WUHQFK OF&DOSLQ RQ OHIW KDQG VLGH RI SKRWR 1RWH
REWUYHG LQ WUHQFK %7 DW WKH VDPH HOHYDWLRQ

Bl $00XYLDO 'HSRVLWYV DQG 3HGRJHQLF +RULJRQV &RPSULVLQJ
ND

7TKH ROGHVW DOOXYLDO GHSRVLWYV HQFRXQWHUHG LQ WKH WUHQFK
LQWR PXOWLSOH WUHQFK VXEXQLWY DQG LV H[SRVHG SULPDULO\ F

3ODWHV WR 7KH ROGHVW XQLWV WKDW FRPSULVH 4IL DW WK
WKDW DUH GHYHORSHG LQ DOOXYLXP DQG FROOXYLXP 8QLWYV
RQ EHGURFN 8QLW 7KH SDOHRVROV 8QLWYV DQG DUH Z

KRUL]JRQV ZLWK SURQRXQEBHG GIWBRNUHGREAQK EURZRQORUY DQG VWUF
FOD\ ILOP GHYHORSPHQW DORQJ SHG IDFHV WKDW HQFDSVXODWE
SODFHVY WKH FOD\ KDV EHHQ WUDQVORFDWHG LQWR WKH EHGUREN
RSHQ YRLGYV LQ UXEEOH ]JRQHV DQG DORQJ IRUPHU URRW FDVW)\
EHGURFN $W OHDVW RQH FROOXYLDO XQLW 8QLW ZLWK D PF
VHSDUDWHY WZR SDOHRVROV 8QLWYV DQG ZLWKLQ PXOWLSO
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ZHVW HQG RI WUHQFK %7 3ODWHYV DQG 8QFRQIRUPDEO\ RY
XSZDbUG VHTXHQFH RI FRDUVH JUDYHO DQG VDQG 8QLWYV D
XSVHFWLRQ ZLWK YHU\ OLWWOH WR QR EHGGLQJ ZLWK WKH H[FHSW
SRRUO\ GHILQHG ILQLQJ XSZDUG OD\HUYV 8QLW WKLFNHQV W
MX[WDSRVHG DJDLQVW WKH ROGHU SDOHRVRO GHSRVLWYV 8QLW

7KH DJH RI WKH SDOHRVROV DQG FROOXYLDO DQG DOOXYLDO GHSR
VWUDWLJUDSKLF KRUL]JRQVY DUH EHOLHYHG WR UHSUHVHQW DW OH
VRLO GHYHORSPHQW IHDWXUHV DQG WKHLU UHODWLYH VWUDWLJ
26/ VDPSOH % 7 6 26/ FROOHFWHG IURP 8QLW LQ WUHQFK %7

ND 7DEOH 7KLY DJH LV FRQVLVWHQW IRU D GHSRVLW XQGHUO

Bl $00XYLDO 'HSRVLW 4IL URXJKO\ ND WR ODWH 30HLVWRFH

8QLW 4IL LV DQ DOOXYLDO IDQ GHSRVLW PDSSHG DFURVV WKH VL'
%7 DQG FRQVLVWY RI ILQH WR FRDUVH JUDLQHG SHEEOH WR FREE!

DQG 30DWHV WR 8QLW 446 LWWRHEBGREZ® EURQG LV

VXEGLYLGHG LQWR WUHQFK XQLWYV DQG LW LV UHC
WKH OHQJWK Rl WKH WUHQFKHYV ,Q DGGLWLRQ WKHUH DUH ODWH
GHSRVLW 8QLWYV DQG WKDW DUH SUHVHQW DW RU Qt
JRQHV 8QLW LV XQFRQIRUPDEO\ LQVHW LQWR 8QLW DQG JH
IDXOW JRQH 30DWHV WKURXJK YRU WKH SXUSRVH RI DVVHVVLQ
ZLWKLQ 8QLW DUH GHILQHG RQ WKH EDVLV RI WH[WXUDO FKD
LQWHUEHGY L H 8QLWV DQG $GGLWLRQDO VXEXQ

DUH GHVLIJIQDWHG ZLWKLQ 8QLW WR GLITHUHQWLDWH UHODW
GHSRVLWYV DQG WR DLG LQ WKH DVVHVVPHQW RI IDXOWLQJ DQG
PXOWLSOH ZHDNO\ GHYHORSHG SHGRJHQLF KRUL]JRQV WKDW KDYF
SRVVLEOH DUH VKRZQ RQ WKH ORJV 7KH PRVW SURPLQHQW SDOF
DORQJ WKH HDVWHUQ HQG RI WUHQFK %7 +HUH WKH VRLO LV GH
ZLWK DEXQGDQW SHGRJHQLF FOD\ SURPLQHQW VRLO IUDFWXUHV
FDSSHG E\ 4HF 7KLV SDOHRVRO OLHV GLUHFWO\ EHQHDWK 8QLW

LQ WUHQFK %7 30DWHV DQG

7KH DJH V Rl WKH SDOHRVROV FROOXYLXP DQG DOOXYLDO GHSR
DQG OLNHO\ DUH ! ND EDVHG RQ VRLO 3', DJHV FRXSOHG ZLWK \
WKHVH GHSRVLWY EHORZ WKH a ND 4HF 7KUHH 26/ VDPSOHV IURF
ZHUH FROOHFWHG DQG DQDO\]HG 7KH 26/ GDWHV IURP 8QLW UubD
26/ WR ! ND % 7 E6 26/ ZKLFK LV FRQVLVWHQW LQ SDUW ZLW
WKH OLNHOLKRRG WKDW DOO WKH VDPSOHY DUH VDWXUDWHG

,Q WKH ZHVWHUQ SDUW RI WUHQFK %7 VDPSOH %7 6 26/ IURP 8Q
ND 7DEOH 'LWK ORZ GLVSHUVLRQ LQ WKH 26/ UHVXOWV WK
EOHDFKHG VLIJQDO HHVEKIWDVYDPMHESOH6/VUHVXOWY LQ $SSHQGL[ ' IRU
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+RZHYHU EDVHG RQ GHWDLOHG ORJJLQJ DQG FRUUHODWLRQ RI \
WUHQFK %7 ZH EHOLHYH WKLV VDPSOH OLHVY EHORZ WKH SRVW 4
WKH 26/ GDWH PD\ EH FRQVLGHUHG DQRPDORXVO\ \RXQJ JLYHQ 1
FRUUHFW WKLV DSSDUHQW \RXQJ DJH FRXOG EH H[SODLQHG E\ D E
VDPSOLQJ WXEH WKDW ZDV QRW SUHVHQW LQ WKH WUHQFK ZDOO |
VRPH VDQG JUDLQV PD\ KDYH EHHQ PL[HG LQ WKH WXEH GXULQJ W
LV XQOLNHO\ EDVHG RQ WKH FDUHIXO VDPSOLQJ SURWRFROV IRO

$V GHVFULEHG LQ WKH IROORZLQJ VXEVHFWLRQV WKH 26/ UH
ZLWK XQLW DJIJHW BDRMWHEOWREY 7DEOH DQRG VRPH RI WKH 26/ UH
UHFRQFLOH 2XU SUHIHUUHG PRGHO DVVXPHV 8QLW LV ROGHU
ORJJLQJ RI WKH WUHQFK VWUDWLJUDSK\ DQG FRUUHODWLRQ RI VW

IRU IXUWKHU GLVFXVVLRQ

B 3ULPDU\ DOG 5HF\FOHG (O &DMHWH 3XPLFH DERXW N D

3ULPDU\ 4HF 8QLW D UHJLRQDO YROFDQLF DLUIDOO XQLW IURTF
: ND =LPPHUHU HW DO LV HQFRXQWHUHG RQO\ LQ WKH HI
VWDWLRQV DQG P 30ODWH JLIXUHV DQG 4HF UL

ODSLOOL WKDW DUH EURZQ DQG OLJKW EURZQ IUHVK WR RUDQJH
FRQVROLGDWHG DQG ORFDOO\ ILOO VPDOO VRLO IUDFWXUHV DQG
‘HDN WR LQFLSRM@WLFMRSHGRJHQLF % ODPLQDWLRQV FRPSULVHG F
DUH FRPPRQ LQ WKH XSSHU SDUW Rl WKH GHSRVLW 7KH GHSRVLW
GXH WR WKH DEVHQFH RI H[RWLF FODVWV PL[HG LQ ZLWK WKH U
LQWHUSUHWDWLRQ LV VXSSRUWHG E\ WKH IDFW WKDW WHSKUD G
GHYHORSHG LQ WKH WRS RI 8QLW ZKLFK SUHVXPDEO\ ZRXOG K
VXUIDFH SULRU WR GHSRVLWLRQ RI WKH SXPLFH ZKLFK DOVR LP
PLVVLQJ 7R WKH ZHVW DORQJ WUHQFK %7 DQG DV WKH XQLW I
DOOXYLDO VXUIDFH RI 4L WKH SXPLFH LV UHZRUNHG KLJKO\ ZHD
WR FOD\ DQG FRQWDLQV PRUH VLOW DQG VDQG DV ZHOO DV UL
DSSHDUV WR KDYH EHHQ HURGHG IURP WKH WRSRJUDSKLF HVFDUS
VZDOHV ILOOHG E\ EHGGHG GHSRVLWVY WKDW FRPSULVH WKH DOO:
XQFRQIRUPDEO\ RYHUODLQ E\ DOOXYLDO IDQ GHSRVLW 41\ )LJXL

Bl $OO0OXYLDO 'HSRVLW 41\ ODWH 30HLVWRFHQH WR PLGGOH +R

$OO0OXYLDO IDQ GHSRVLW 41\ LV JHQHUDOO\ OLPLWHG WR WKH HDV
DQG LQFOXGHV D FRDUVH JUDLQHG DOOXYLXP WKDW OLHV DWRS 4

DQG 30DWHV WR 41\ LV JHQHUDOO\ H[SRVHG WKUR:
WUHQFKHV DQG LV GHVLJQDWHG DV WUHQFK VXEXQLWYV
XQFRQIRUPDEO\ RQ 4HF 8QLW LQ WKH HDVWHUQ HQG RI WUHQF
41L 8QLW LQ ERWK WUHQFKHV ,W LV GLVSODFHG DQG RU WU
GLVWLQFW WH[WXUDO DQG FRORU ERXQGDU\ ZLWK WKH XQGHUO\LC
$W WKH HDVW HQG Rl WUHQFK %7 WKH 8QLW DOOXYLDO IDQ
ILQWRRDUVH JUDLQHG EHGGHG FKDQQHO GHSRVLWV 8QLW W k
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JUDLQHG DOOXYLDO VKHHWY DQG VORSH ZDVK GHSRVLWYVY 7KH ID(
KRUL]JRQ ZLWK GLVFRQWLQXRXV FOD\ HQULFKHG ODPHOODH ZKLFK
VORSH VWDELOLW\ IROORZHG GHSRVLWLRQ RI WKLV GHSRVLW

7KH 8QLW DOOXYLDO GHSRVLWY DUH NQRZQ WR SRVW GDWH 4HF
VDPSOHYVY DQG 26/ VHGLPHQW VDPSOHV WR IXUWKHU UHILQH WKH L
DQG 7TKUHH FKDUFRDO GDWHV IURP 8QLW FRQVWUDLQ WKH
WR FDO \U % 3 7DEOH 7TKHVH DJHV DUH VLJQLILFDQWO
UHSRUWHG IRU WKH VDPH GHSRVLW ZKLFK UDQJH IURP “ N D

26/ 7TDEOHYV DQG 7TKHVH UHVXOWY VXJIJHVW WKDW WKH 26
GHSRVLW ! ND DUH DQRPDORXVO\ ROG DQG GLIILFXOW WR UHF
ZLWKRXW DQ H[SODQDWLRQ RI SDUWLDO EOHDFKLQJ H J LQKHUL
DJHV IURP WKH RYHUO\LQJ 8QLW FRQVWUDLQ WKH DJH RI WKDW
ZKLFK RYHUODSVY DQG LV LQ VWUDWLJUDSKLF FRQIRUPLW\ ZLWK W
DQG $ VLQJIJOH 26/ GORW HURIP 8QLW LV VOLIKWO\ ROGHU WKD
DQRG WKLV 26/ VDPSOH DSSDUHQWO\ H[SHULHQFHG WKH PRVW FRPS
WKH 8QLW VHULHY 7DEOHV JLIXUHYV DQG /IDVW
FRQVWUDLQV WKH DJH RI 8QLW DV FDO \U % 3 DOVR LQ
GDWH VXJIJHVWV WKH DJH#*RI WRH ZXHFR VLMV RO\ VOLJKWEDWH GHU
7TDEOH ,Q JHQHUDO GHSRVLWYV DVVRFLDWHG ZLWK JHRORJLF
UDQJH IURP HDUO\ +RORFHQH DW WKH EDVH RI WKH XQLW WR PLG
UHVSHFWLYHO\ )LJXUH

B 6ORSHVK &ROOXYLXP ODWH +RORFHQH

$ VXUILFLDO VORSH ZDVK FROOXYLXP 8QLW FRQVLVWLQJ RI V
WR JHRORJLF PDS 8QLW 4FVZ )LJXUHV DQG 30DWHV WR
WKH DOOXYLDO IDQ GHSRVLWV RI 8QLW 7KH VXUIDFH FROOXYL
SLQNLVK JUD\ 8SVHFWLRQ 8QLW JUDGHV LQWR D EURZQ ORF
DEXQGDQW URRWOHWY URRWVY DQG PDVVLYH WUHH URRW EDOOV
IULDEOH DQG PRGHUDWHO\ WR KHDYLO\ ELRWXUEDWHG DQG FRL
WUDQVSRUW ZDVK ZLWKLQ WKH DFWLYH FROOXYLDO WUDQVSRUMW
7KH EDVDO SDUW RI 8QLW W\SLFDOO\ LV VOLJKWO\ PRUH OLWK
WH[WXUH WKDQ WKH XSSHU SDUW Rl WKH GHSRVLW 7KH EDVDO F
FXWV LQWR VXEXQLWYV DQG 7KH GHSRVLW LV ODWHUDOO\
WUHQFKHY DQG LV D NH\ KRUL]JRQ IRU DVVHVVLQJ WKH SUHVHQFH |
%

7KH DJH RI WKLV GHSRVLW 8QLW LV PLGGOH WR ODWH +RORFF
OLNHO\ FORVHU WR ODWH +RORFHQH EDVHG VROHO\ RQ WKH FKD
FKDUFRDO VDPSOHV \LHOGHG FORVHO\ EUDFNHWHG GDWHV IURP

DQRPDORXV \RXQJ PRGHUQ DJH OLNHO\ UHSUHVHQWLQJ D UHFHQ'
ZDV REWDLQHG IURPS5DP2O6HD®QDO\VHV Rl WKUHH VHGLPHQW VDP S
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DJHV WKDW UDQJH IURP : WR “ ND ZKLFK DSSHDU WR UF
H J LOQKHULWHG OXPLQHVFHQFH VLIQDO 7DEOH 7KH UDGLR
FRUUHFWO\ GDWH 8QLW DV WKH 26/ GDWHYVY DUH HYHQ ROGHU W

DQG DUH WKHUHIRUH RXW RI VWUDWLJUDSKLF VHTXHQFH

6LWH % )DXOW DQG 6WUXFWXUDO &KDUDFWHULVWLFV

(YLGHQFH RI FRVHLVPLF VXUIDFH GLVSODFHPHQW LV SUHVHUYHG L
RYHUO\LQJ DOOXYLDO IDQ GHSRVLWYV DUH YHUWLFDOO\ GLVSODF
VHSDUDWLRQ 7KLV LV VHHQ DFURVV WZR SULPDU\ IDXOW JRQHV W
WKH ZHVWHUQ DQG HDVWHUQ IDXOW JRQHV )LIXUHV D WR
WUDFHV DUH H[SRVHG LQ WKH ZHVW HQG RI WUHQFKHV %7 DQG %
IDXOW JRQH 7KLV JRQH WUHQGYV URXJKO\ QRUWK QRUWKHDVW DF
DQG FRLQFLGHV ZLWK )DXOWV % & DQG ' Rl WUHQFK YLIXUH

FRLQFLGHV ZLWK PXOWLSOH QDUURZ JUDEHQ VWUXFWXUHV ¢
MX[WDSRVH XSSHU 4XDWHUQDU\ DOOXYLDO IDQ GHSRVLWYV DQG SD
PDSSLQJ WKH ZHVWHUQ IDXOW JRQH DOLJQV LQ SDUW ZLWK D EH
WKH QRUWK DQG GLUHFWO\ HDVW RI 10 +LJKZD\

,Q JHQHUDO WKH HDVWHUQ IDXOW ]JRQH VWDWLRQ WR P LQ\
QRUWKHDVW VWULNLQJ VWHHSO\ ZHVW DQG HDVW GLSSLQJ IDXO
WUHQFK %7 DJDLQVW DOOXYLDO IDQ GHSRVLWV 8QLWYV DQG

DQG SDOHRVROV 8QLWV D E DQG YLIXUHV D WR
HDVWHUQ IDXOW ]JRQH SURMHFWY QRUWKHDVW DQG LQWHUVHFWYV \
JRQH RI FRPSOH[ IDXOWLQJ ZDV SUHYLRXVO\ PDSSHG )LJXUH
FRLQFLGHY DORQJ SURMHFWLRQ ZLWK IDXOW V LGHQWLILHG IURP
4EW RQ WKH ZHVW DJDLQVW DOOXYLDO IDQ GHSRVLWV 8QLW 4IL
30DWHV WR &ROOHFWLYHO\ WKH ZHVWHUQ DQG HDVWHUQ ID)
FRPSOH[ EURDG DQG LQFOXGHV PXOWLSOH IDXOW VWUDQGV WK
VHFWLRQ $ $ RI )LIJXUH DUH FRQVLGHUHG VFKHPDWLF DQG PRUH
SUHVHQW LQ WKH DUHD

6LWH % 1XPEHU DQG 7LPLQJ RI 6XUIDFH 5XSWXUHV

TUHQFKHV %7 DQG %7 SURYLGH VWUDWLJUDSKLF DQG VWUXFW?
VXUIDFH UXSWXULQJ HYHQWY XVLQJ D FRPELQHG FKURQRORJ\ DF
JRQHV RI ERWK WUHQFKHV )LJXUH (YLGHQFH IRU FRVHLVPL
LQGLFDWRUV VXFK DV XSZDUG IDXOW WHUPLQDWLRQV IRUPDWLR
FKDQJH LQ DSSDUHQW YHUWLFDO GLVSODFHPHQW XSVHFWLRQ DF
DEVHQFH RI GLVSODFHG EXULHG VRLOV DFURVV IDXOW JRQHV (YF

DUH OLVWHG LQ 7DEOH DQG WKH HYHQWYV WKDW SRVW GDWH 4H
LQ 7DEOH &ROOHFWLYHO\ 6LWH % WUHQFKHV SURYLGH HYLGF
YHU\ OLNHO\ +RORFHQH ND GLVSODFHPHQW 7KH TIROORZLQJ

PDQ\ DV ILYH VXUIDFH UXSWXULQJ HYHQWY H[SRVHG LQ WKH WZR \
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Bl 'UHOFK WHOW &KURQRORJ\

7UHQFK %7 ORFDWHG DERXW P VRXWK RI WUHQFK SURYL
HYLGHQFH IRU ILYH HYHQWY VLQFH WKH GHSRVLWLRQ RI 4EW )LJX
DUH H[SRVHG LQ ERWK WUHQFK ZDOOV KRZHYHU VRPH RI WKH LQ
VLQJOH WUHQFK ZDOO 7KH HYHQW VWUDWLJUD SW\RLR CGLHNFW V Y HHEQ
( 7KHUH DUH IRXU SUH 4HF HYHQWYV DQG RQH SRVW 4HF
YLIXUH

BN (YHQW ( O5UHQFK %7
SUHIHUUHG ,QWHWSGHWPBPWURQ WKH PRVW UHENQEND HE RW WEH FC

YHUWLFDO VHSDUDWLRQ 9R RI 8QLW RQ ERWK ZDOOV RI WUHQF
DFURVV WKH EDVH RI WKH RYHUO\LQJ 8QLW 7DEOH JLIXUH
(YHQW LQGLFDWR UM FOXREHEPWBWD DQG 8WE VHH 7DEOH IRU G

WKH QRUWK ZDOO Rl WUHQFRXLPULWHGYWAWVKH HDVWHUQ IDXOW ]RC
P DQG LQFOXGHV a PRI DSSDUHQW YHUWLFDO GLVSODFHPHQW
FP RI SRWHQWLDO GLVSODFHPHQW DFURVV D IDXOW EHWZHHQ VWI
YLIXUHV D DQG 30DWH $ERYH WKLV DQG DORQJ WKH
WKHUH LV DQ LQIHUUHG VXEWOH VWHS DW WKKL ¥ DX\BH IRU G GIUR M H KN
RI IDXOWLQJ EH\RQG WKH EDVH RI 8QLW UHTXLUHV WKH GLS RI \
WR FRLQFLGH ZLWK WKH VWHS LQ WKH EDVH RI 8QLW 7KH IDX
PDVVLYH QDWXUH RI 8QLW DQG WKH ODFN RI VWUDLQ PDUNHUYV
PDS WKH GLVSODFHPHQW XSVHFWLRQ DQG DOVR FRQVLGHUV WKH
FRXOG UHVXOW IURP FROOXYLDO DQG VORSH HURVLRQDO SURFHVYV
RI WUHQFK %7 WKH EDVH RI 8QLW GRHV QRW DSSHDU WR EH R
WHUPLQDWLQJ DW WKH EDVH RI WKLV XQLW 7DEOH YJLIXUH

$OWHUQDWLYH ,QWIHGSUMWRQLRBQDVWWHUQDWLYH PRGHOV LQ ZKL
SUHVHQFH RI WKH HYHQW LV OHVV WKDQ WKH SUHIHUUHG DOWHUC

E DQG F )LJIJXUH D 7TKHVH DOWHUQDWLYHV FRQVLGHU WKUHH
EDVH RI 8QLW (D WKH EDVH 8QLW LV YHUWLFDOO\ RIIVF
WK IDXOW ( E DQG WKH IDXOW EHQGV IURP QHDU WKH EDVH R

(F 7TKHVH DOWHUQDWLYH PRGHOV DUH JLYHQ D ORZHU FRQI
LQGLFDWRUYVY DQG WKH XQGXODWRU\ EDVDO FRQWDFW RI 8QLW

%DVHG RQ WKH HYHQW LQGLFDWRUV GHVFULEHG DERYH WKH 3D

LV GLVSODFHG LQ ERWK ZDOO(N R Q\GUW® BKV %7K L B \H(WHQW SRVW C
ND 'DWHG FKDUFRDO VDPSOHV LQ 8QLW UDQJH IURP WR
PD[LPXP DJH FRQYWUDE®W IRU)LIXUHV D DQG 7KF
DJH FRQVWUDLQW VRUHWHBMUWDLQ LQ WUHQFK %7 DQG WKLV XQF
LQ WKH VXPPDU\ VHFWLRQ
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BEEE (YHQWLQ 7UHQFK %7
3UHIHUUHG ,QW HU® WHWDWRIRWK ZDOO Rl WUHQFK %N LGWH®ISQ K I
DW VWDWLRQV WR P DORQJ WKH HDVWHUQ IDXOW JRQH UHSUH

DQG 8QLW DERXWVRVKHA GBRY¥Y DQG WKH XSZDUG IDXOW WHUPLQ
8QLW 7TDEOH JLIXUHV D DQG 3ODWHV DQG )DXOW
FOHDUO\ WHUPLQDWHY EHORZ WKH EDVH RI 8QLW KRZHYHU LW
EDVH RI RYHUO\LQJ 8QLW DQG WKXV IDXOWLQJ LV TXHULHG WK

)DXOWLQJ ZDV SRRUO\ H[SUHVVHG LQ WKLV PDVVLYH GHSRVLW
DOVR ZLWKLQ WKH HDVWHUQ IDXOW JRQH D IDXOW VWUDQG GLVSO
QRWHG DV )= LQ )LIXUH D WKDW LV FDSSHG DQG SRVW GDWHCGC
ZDOO RI WUHQFK %7 )LJXUH DOVR VKRZV D FKDQJH LQ YHUYV
DFURVV WKH EDVH RI 8QLWV DQG DV ZHOO DV ZLWKLC
VWDWLRQ P ZKLFK LV LQWHUSUHWHG(WR)RH WEWWIR@AHH TW K B -5
YHUWLFDO GLVSODFHPHQW DFURVV WKH EDVH RI 8QLW LV
XQGHUO\LQJ 8QLW 9RG 7DEOH

(YLGHQFH IRU PPN@WVR EH UHFRUGHG EHWZHHQ VWDWLRQV  DQC
VKHDU ]JRQH RQ WKH QRUWK ZDOO ZKHUH WZR JUDEHQ ERXQGLQJ I
EXW GR QRW RIIVHW WKH RYHUO\LQJ EXULHG VRLO KRUL]JRQ RI 8Q
/IDVWO\ DW VWDWLRQ P ZLWKLQ WKH ZHVWHUQ VKHDU JRQH DOQ

LV LQWHUSUHWHG WR KDYH IRUPHG DV D SRVVLEOH (UHVXOW F
YLIXUH )DXOWLQJ ZLWK WKLY HYHQW WHUPLQDWHY DW RU Qt
ZDOO DQG 8QLW QRUWK ZDOO

7KH 3DOHRVHLVPLF 7HDP KDV KLJK FRQILGHQFRH EVWE& FHR Q QNWHHLLS
LQGLFDWRUV 9R 8WE O9RG &Z +RZHYHU WKH WLPLQJ RI WKLV
WLPLQJ R( (DO@WVW FHUWDLQO\ SUH GDWHV 4HF LI VWUDWLJUDSK
WKH HDVWHUQ IDXOW JRQH )LIJXUHV D DQG (8QLWYV
DQG WKLV HYHQW PXVW EH ROGHU WKDQ WKHVH XQLWV 'DWHG F
WR FDO \U % 3 DQG SURYLGH D PLQLPXFDEH®GHRRQQWUDLQ
WKH ZHVWHUQ IDXOW ]JRQH PD\ EH FRQVWUDLQHG E\ WKH 26/ DJH F
DJH PD\ EH DQRPDORXVO\ \RXQJ EDVHG RQ WKH FRUUHODWLRQ RI X
DQG WKH SUHIHUUHG LOQWHUSUHWDWLRQ WKDW WKH SR@®W 4HF X
8QLW JLIXUHV DQG D 'XH WR XQFHUWDLQWLHV DQG
SURMHFWLQJ WKH SRVW 4HF XQFRQIRUPLW\ LW LV SHUPLVVLEOH W
DQG WKHUHIRUH PLJKW UHSUHVHQW D \RXQJHU HYHQW WKDQ (
+RZHYHU RXU SUHIHUUHG LQWH BSJHH @/DWHR QVKWY WKPDW (YNQ VEH FD
XSZDUG IDXOW WHUPLQDWLRQV IURP WKH HDVWHUQ IDXOW ]JRQH R
8QLWV
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BRI (YOW TUBQFK %7

B3UHIHUUHG ,QWH,S WWWRWKRQ LYYGHHIWQHG E\ WKH GLVWLQFW Gl
DSSDUHQW YHUWLFDO GLVSODFHPHQWY EHWZHHQ VWDWLRQV W
EDVH RI 8QLW LV YHUWLFDOO\ VHSDUDWHG E\ FP ZKHUHDV \
VHSDUDWHG E\ RQO\ W R FP 7DEOH JLIXUHV D DQG
JHRORJLF UHODWLRQV DUH H[SRVHG LQ ERWK WUHQFK ZDOOV DOF
VHSDUDWLRQV UHSUHVHQW DFWXDO YHUWLFDO GLVSODFHPHQW ¢
EHWZHHQ VWDWLRQV W R P WKHUH LV JUHDWHU GLVSODFHPH
FRPSDUHG WR WKH RYHUO\LQJ 8QLW ( UXFEWXVUXE MKHLDHVWHQ W |
DV ZHOO )LJXUH D 2Q WKH EDVLV Rl PXOWLSOH HYHQW LQGLF
8WD WKH 3DOHRVHLVPLF 7HDP KDV KLJK FRQILGHQFBIEIOH WKH LQ\
7KH DJH RI((YHHQUWDLQO\ SUH GDWHV 4HF ! ND 6RLO 3', DJH HV
HYHQW RFFXUUHG LQ WKH ODWH 30HLVWRFHQH

BN (YHQW7UH@FK %7
SUHIHUUHG ,QWH,@QSWHWQ MKL RQ HY LGHFSHUHRMHQW QWWKLQ WKH HI
]JRQH QHDU VWDWLRQV DQG P DV ZHOO DV WR P +HUH 8
DPRXQW WKDQ WKH RYHUO\LQJ EDVDO VXEXQLWV RI 8QLW 7DEC

DQG JRU LQVWDQFH DFURVV WKH IDXOW |ROQQHs FRRQ@BLIGW Q¥ L2
VWDWLRQV WR P RQ WKH VRXWK ZDOO 8QLW LV YHUWLFD
VXEXQLWV RI 8QLW DUH VHSDUDWHG E\ DERXW P 9RG VHH
SUHVHUYHG LQ WKH VRXWK ZDOO RODWMH QFK: Bb T Q | l IULILWUSIWH \{ ¥ I QW
LQ WKH ZHVWHUQ IDXOW ]RQH DW VWDWLRQV DQG P QRUWK ZI
LV MX[WDSRVHG DJDLQVW EHGURFN 8QLW ZLWK IDXOWLQJ WH
DVVXPHV WKDW 8QLW ZDV(HBRBXGUBIGV HUJXYWHOQW D 7KLV HYHC
EH DVVRFLDWHG ZLWK D ILVVXUH ILOO LQ WKLV VDPH ORFDWLRQ ))
LQGLFDWRUY IRQFOX®MW S8WE 61 DQG 8WD DV OLVWHG(LQWDEOH
XQNQRZQ EXW OLNHO\ RFFXUUHG LQ WKH PLGGOH WR ODWH 4XDWH
4HF ! ND 7KH 3DOHRVHLVPLF 7HDP GLG QRW SURYLGH D FRQIL
WR WKH ROG DQG XQNQRZQ DJH RI WKH GHSRVLWYV

BEEEE (YHQW UH@FK %7
3UHIHUUHG ,QW HU/$I\ONYND WKRIQROGHVW LQWHUSUHWHG HYHQW IRU
WUHQFK %7 DQG LV UHSUHVHQWHG E\ WKH MX[WDSRVLWLRQ RI Z|

DJDLQVW EHGURFN 8QLW DFURVVY PXOWLSOH ZHVW GLSSLQJ
]JRQH DQG RWKHU IDXOWV ORFDWHG EHWZHHQ VWDWLRQV WR
3ODWHYV DQG $GGLWLRQDO HYLGHQFH LQFOXGHYVY HYHQW LQG

DVVRFLDWHG ZLWK WKLV MX[WDSRVLWLRQ WHUPLQDWHY EHIRUH Ut
6LPLODU IDXOWLQJ UHODWLRQVKLSYVY H[LVW DORQJ WKH HDVWHUQ |
( LV SRRUO\ FRQVWUDLQHG DV PLGGOH WR ODWH 4XDWHUQDU\
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BN 'UHOFK WHOW &KURQRORJ\

TUHQFK %7 LV ORFDWHG DERXW P VRXWK RI WUHQFK %7 DQG S
HYLGHQFH IRU ILYH HYHQWY ZLWKLQ WKH PLGGOH WR ODWH 4XDW|

3ODWHYV DQG 7KH HYHQW VWUDWLJUDSK\ DFURVV WUHQFK
OHDGV WR VLIJQLILFDQW XQFHUWDLQW\ IRU VRPH RI WKH LQWHUSU
DV PDQ\ DV ILYH HYHQWY DV GLVFXVVHG EHORZ ,Q WKH IR«

VWUDWLJUDSKLF DQG VWUXFWXUDO HYLGHQFH XVHG WR LQWHUSU
WUHQFK %7 WKH HYHQW VWUDWLJUDSK\ KV @&/NR ROWGHNENV | UR P QRVX

7KHUH LV HYLGHQFH IRU IRXU SUH 4HF HYHQWYV DQG RQH SRV
DQRWKHU SRVW 4HF HYHQW )LJXUH W LV LPSRUWDQW WR QI
XQFHUWDLQWLHYV LQ WKH HDVWHUQ SDUW RI WUHQFK %7 WZR
 QWHUSUHWDWLRQ LV VKRZQ RQ )LJXUH D DQG 30DWHV DQG
DQG DV LQVHUWYV LQ 30DWHV DQG ,Q DGGLWLRQ DW WKH
SUHVHQW DQ DOWHUQDWLYH LQWHUSUHWDWLRQ LQ )LIJXUH D D\

BN (YHQWS5( LWHQFK %7
SBUHIHUUHG ,QWHWYSGHWBMWIRQ WKH \RXQJHVW HYHQWVLIY[ SRMHEF K ¢
DORQJ WKH HDVWHUQ IDXOW JRQH EHWZHHQ VWDWLRQV DQG P
(YHQWY UHSUHVHQWHG RQ ERWK WKH QRUWK DQG VRXWK ZDO
ZKLFK SRVW GDWHV 4HF DQG WKH PRGHUDWH WR KLJK FRQILG

WKH RYHUO\LQJ 8QLW ERXQGDU\ 7DEOH 7KH YHUWLFDO GL
8QLWYV DQG LV DERXW WR FP DQG LQFOXGHV YHUWLFDO VI
EDVH RI 8QLW 7KLYV SHEEOH EHG SURYLGHV D FOHDU PDUNHU |
RI WUHQFK %7 , W DOVR FRLQFLGHV ZLWK D VOLJKW WKLFNHQLQ

WUHQFK ZDOOV 7KH 3DOHRVHLVPLF 7HDP DOVR PDSSHG IUDFWXU
HPDQDWHG IURP WKH PDSSHG IDXOWV RIIVHWWLQJ WKH EDVH RI 8C
$OWKRXJK WKH LOQWHUSUHWHG RIIVHW RI WKH EDVH RI 8QLW LV
FRQILGHQW WKDW WKH XQLW LV RIIVHW 7KH GLVSODFHPHQW RI W
$ FORVH XS Rl WKH LQWHUSUHWHG DQG XQ LQWHUSUHWHG H[SRVX
VKRZQ LQ )LIJXUH

$OWHUQDWLYH , Q¥ DDWHNIIDMRLY H LQWHUSUHWDWLRQ ,QWHUSU
UHODWLRQV GHSLFWV WKH ILQH SHEEOH EHG DV SDUW RI 8QLW
DQG WKLV SHEEO\ EHG LV YHUWLWBOKH RDIWWW)LMWRH FP GRHEID L
30DWH 7KH GLVWLQFWLYH SHEEOH KRUL]JRQ LV DEVHQW RQ WKH
DV RIIVHWWLQJ WKH FRQWDFW EHWZHHQ 8QLWV DQG YUDFW)
WKH IDXOWLQJ DW WKH EDVH RI 8QLW DQG WKXV LV LQWHUSUF
VKHDU SODQHV 7KHVH UHODWLRQVKLSY DUH GHSLFWHG LQ ERWK

JRQH

%HFDXVH WKH GLVSODFHPHQW DIN® R 6 I DIMKHG HZLWWKHW® QMK OW ]RQH
RU QHDU WKH OLPLW RI UHVROXWLRQ Rl WKHVH EDVDO FRQWDFWYV
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EHORZ 8QLW LQ ERWK ,QWHUSUHWDWLRQV DQG )LJXUHV D
WKH HYLGHQFH VXSSRUWV PRGHUDWH WR KLJK FRQILGHQFH IURP
FRQWLQXHV LQWR 8QLW EDVHG RQ WKH HYHQW LQGLFDWRUV SL
YLIXUH W VKRXOG EH QRWHG WKDW WKH HYHQW LQGLFDWRU\
WLPH GXH WR H[WHQVLYH H[SRVXUH WR VXQ UDLQ DQG KDLO DV Z
E\ WKH SDOHRVHLVPRORJLVWY 7KH IUDFWXULQJ DOLJQHG SHEEO
8QLW EHFDPH OHVV ZHOO H[SUHVVHG DV WKH WUHQFK UHPDLQHC
7KH 3DOHRVHLVPLF 7HDP FRQVLGHUHG WKH LPSDFW RI ZHDWKHUL
IDXOWLQJ EXW ZHUH VWURQJO\ LQIOXHQFHG E\ WKH RULJLQDO FR
RSHQHG FOHDQHG DQG FROOHFWLYHO\ IODJJHG DQG ORJJHG

(YLGHQFH IRU (QHQKH ZHVWHUQ IDXOW JRQH LQ WUHQFK %7 DW )
LV SRRU EXW ZDUUDQWY GLVFXVVLRQ 7DEOH YJLIXUH D 30I
DORQJ WKH ZHVWHUQ IDXOW JRQH LQFOXGHV WKH RIIVHW Rl 8QLW
ZDOO Rl WUHQFK %7 7KLV LQFOXGHG FRUUHODWLQJ VXEXQLWYV Z
LQWHUSUHWHG IDXOW 1R GLVFUHWH VKHDUV RU IDXOW IUDFWXU
WKHVH KLJKHU RIITVHWY XQOLNH WKH HDVWHUQ IDXOW JRQH  7KH
FRQILGHQFH WKDW 8QLW DQG PD\ EH YHUWLFDOO\ RIIVHW EL
QRUWK ZDOO Rl WUHQFK %7 HJ 9R LQ 7DEOH YRU H[DPSOH
8QLW PD\ EH YHUWLFDOO\ RIIVHW 9R DQG WUXQFDWHG DFURVV
GHSWK 7DEOH YLIXUH D +RZHYHU WKH EDVH RI 8QLW L\
PDMRULW\ RI WKH 3DOHRVHLVPLF 7HDP L H 1& HYHQW LQGLFDWR
FRQILGHQFH 7DEOH 7KXV WKLV HYHQW L H WKH RIIVHW RI
HDUOLHU HYHQWDHKDY(YHQ@VORZ FRQILGHQFH UDWLQJ )LJXUH
WKHUH LV QR HYLGHQFH WKDW WKH IDXOW GLVSODFHV 8QLWYV F
LQ WKH RSSRVLQJ VRXWK ZDOO RI WUHQFK %7 )LJXUH D |
%7 GRHV QRW LQWHUSUHW IDXOWLQJ DFURVV WKH EDVH RI 8QLW
HDVW Rl WKH XSZDUG SURMHFWLRQ Rl WKH IDXOW 7KH H[SRVX
MXVWLILFDWLRQ IRU D ORZ FRQILGHRFH LQ WKH SUHVHQFH RI (YH(

$OWHUQDWLYH QWHUSUHWDWLRQ RI t:HVWHUQ )DXOW =RQH LQ WU

7KH DOWHUQDWLYH LQWHUSUHWDWLRQ RI WKH ZHVWHUQ IDXOW ]R(
UHODWLRQVKLSY EHWZHHQ 8QLWV DQG RQ WKH QRUWK ZDOO
LQFLVLRQ E\ 8QLW UDWKHU WKDQ IDXOWLQJ VHH LQVHW LQ )l
UHSUHVHQWY DQ HURVLRQDO LQVHW IRUPHG E\ D SDOHRFKDQQHO
WKH WUHQFK DQG LQFLVHG LQWR 8QLWYV DQG 7KH EDVH RI 8
VWDWLRQ P RQ WKH VRXWK ZDOO Rl WUHQFK %7 ZKLFK VXSS
UHOLHI RI 8QLW PD\ EH QRQ WHFWRQLF ,Q DGGLWLRQ 8QLW |
IDXOW ]JRQH RQ WKH VRXWK ZDOO RI WUHQFK %7 )LJXUH D 7
RIITVHW RI 8QLW RQ WKH VRXWK ZDOO LQ FRPSDULVRQ WR WKH
QRUWK ZDOO OHDG VRPH WR IXUWKHU VXSSRUW WKH QRQ WHFWR
WHFWRQLF PRGHO WR H[SODLQ WKH VWUDWLJUDSKLF UHODWLRQV
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,Q VXPPDU\ ((YDH@QORMQJ WKH HDVWHUQ IDXOW JRQH LV LQWHUSUHWHC
WUHQFK %7 JLIXUHV D DQG ,QWHUSUHWDWLRQV C
ERWK VXSSRUW WKH SUHVHQFH RI (YHQW ( $OWKRXIK VXEWOF
3DOHRVHLVPLF 7HDP VXSSRUWLQJ IDXOWLQJ RI 8QLW E\ (YHQW
KLJK FRQILGHQFH LQWHUSUHWDWLRQ RI WKH HYHQW 'DWHG FKD
PD[LPXP WLPLQJ RI WKLV HYHQW WR EH IURP WR FDO \U ¢
WLPLQJ FRQVWUDLQW LV DYRHO)EDE PRGHCHRWWLPDWHY WKH WLP
(YHQW LV FDO \U % 3 FRQILGHQFH OLPLW J)LIXUH

DOWHUQDWLYH LQWHUSUHWDWLRQVY GLVFXVVHG DERYH LQ WKH
SRVVLEOH ORZ FRQILGHQFH (YHQW ( D RFFXUULQJ EHWZHHQ ND

BN (YHQW7UH@FK %7
7KH HYHQW KRUL]JRQ DVVRFILYDWRBUO\WKR(PRGWUDWHO\ FRQVWUDLC
WKH HDVWHUQ IDXOW JRQH GXH WR WKH GLIIHUHQW VWUDWLJUDS

ZDOOV T7DEOH JLIXUHYV D DQG 3ODWHYV DQG 7KH)
GLVFRQWLQXWRKRDUWHJIUDLQHG EHGGLQJ DFURVV WKH IDXOW ]JRQ
GHSRVLWY ODFNLQJ LGHQWLILDEOH VWUDLQ PDUNHUV FRDUVHDC

DOOXYLDO GHSRVLWLRQ RU DOWHUQDWLYHO\ FROOXYLDO ZHGJH (
LQFLSLHQW WR PRGHUDWHO\ GHYHORSHG SDOHRVROV

2Q WKH QRUWK ZDOO RI WUHWQEKHOWHGC RQWMQIW GHFUHDVLQJ YHUW

EHWZHHQ WKH EDVH RI 8QLW FP ZKHQ FRPSDUHG WR RYHL

FP )LIJXUH D 7KH GHFUHDVH LQ DSSDUHQW GLVSODFHPHQW >

GRFXPHQWHG LQ WKH DOWHUQDWLQJ ILQH VLOW WR FRDUVH JUDL

FRPSULVH 8QLW LQ WKH QRUWK ZDOO HVSHFLDOO\ ZKHQ FRPS]|

RYHUO\LQJ 8QLW DQG WKH PXFK JUHDWHU RIIVHWYV FP RI Wt
JLIXUH D 30DWH

7KH VRXWK ZDO®7RGWUHRQFKLIQLILFDQWO\ IURP WKH QRUWK ZDOC
DQG FRDUVHQLQJ DOOXYLDO SDFNDJHV DUH IHZHU LQ QXPEHU DQ

HDVWHUQ IDXOW ]J]RQH 7DEOH JLIXUH D 30ODWH ,QWHUS
GLITHU HQRXJK WKDW WZR LQWHUSUHWDWLRQV RI WKH HDVWHUQ IC
ZDOOV )LJIXUHV D DQG 7KH ODFN RI VLPLODU VXEXQLWYV Z

WKH HDVWHUQ IDXOW J]RQH PD\ EH FRPSOLFDWHG E\ D QXPEHU RI
GHSRVLWYV L H DOOXYLDO FKDQQHOV PD\ KDYH EHHQ QDUURZ DQ¢
WUHQGHG GRZQ WKH FHQWHU RI WKH WUHQFK DQG WKXV VRPH FRD
VRXWK ZDOO VRPH RI WKH FRDUVH JUDLQHG GHSRVLWYV PD\ |
FROOXYLXP DQG D VPDOO FRPSRQHQW RI ODWHUDO VWULNH VO
WKH WUHQFK ZDOO PD\ KDYH GLVSODFHG WKH XQLWV LQ DQG RXW
8QLW DFURVV WKH HDVWHUQ IDXOW JRQH LQ ERWK LQWHUSUHWI
DQRQG VXEXQLW FRQWDFWYV DUH JHQHUDOO\ VLPLODU EHWZHHQ LQV
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KRZ WKH EDVDO FRQWDFWY RI WKH XQLWYV DQG VXEXQLWY DUH |
VHSDUDWH PRGHOV IRU WKH RIIVHW RI 8QLW IRU WKH EDVLV RI

7KH FRUUHODWLRQ RI WKH EDVH RI 8QLW LQ WKH LQWHUSU
JLIXUH D ZDV LQIOXHQFHG E\ WKH ZHOO FRQVWUDLQHG RII'
,Q WKLV LOQOWHUSUHWDWLRQ RI WKH VRXWK ZDOO )LJXUH D
7TKH LOWHUSUHWDWLRQ VKRZQ RQ )LIJXUH IRU WKH VRXWK
DV GHHSHU RQ WKH HDVW VLGH RI WKH IDXOW ZKLFK LPSOLH?
EDVH RI 8QLW 7KLV LV ODUJHU WKDQ WKH FP RIITVHW RI

(YHQW RQ WKH VRXWK ZDOO RI WUHQFK %7 LQ ,QWHUSUHWDWLI
GLVSODFHPHQW DFURVV WKH EDVH RI 8QLW WRS RI 8QLW D (
,QWHUSUHWDWLRQ RI WKH VRXWK ZDOO RI WUHQFK %7 WKH EDV

LV RIIVHW a FP )LJXUH ,Q ERWK LQWHUSUHWDWLRQV WKF
DQG VXEXQLWV WKDQ DFURVV WKH EDVH RI 8QLWYV DQG
(YHQW ( RQ WKH VRXW&K7ZDOO RI WUHQFK

$OWHUQDWLYH QWHUSUHWDWLRQ RI (YHQW ( (DVWHUQ )DXOW =R(

$Q DOWHUQDWLYH LQWH WSORQVDWH IR i RV WHHIQWIDXOW JRQH RI WKF
%7 LV VKRZQ LQ )LJXUH DQG 30DWH 6RPH RI WKH NH\ VV
UHQXPEHUHG WR FRLQFLGH ZLWK WKH DOWHUQDWLYH LQWHUSUHW

,Q WKLV DOWHUQDWLYH LQWHUSUHWDWLRQ ,QWHUSUHWDWLRQ
ZHVW GLSSLQJ IDXOW QHDU VWDWLRQ P RIIVHWYV 8QLW DQG
ZHGJH VKDSHG JUDYHO GHSRVLW ODEHOOHG &: LQ )LIJXUH 301
LQWHUSUHWHG DV D FROOXYLDO ZHGJH WKDW IRUPHG DV D UHVXC
LH (YHQYWORQJ WKH HDVWHUQ JRQH RI IDXOWLQJ DQG GLUHFW
QHDU VWDWLRQ WR P WKH EDVH RI 8QLW LV YHUWLFDOO\
WKH WRS RI RYHUO\LQJ 8QLWYV DQG EXULHG DUJLOOLF KRUL
WR FP SUHVXPDEO\ RQO\ GXULQJ WKH (YHQW ( 6LPLODU UHODW
RI WUHQFK %7 DQG DUH GHSLFWHG LQ DQ DOWHUQDWLYH LQWHU

LOQVWDQFH RQ WKH QRUWK ZDOO WKH EDVH RI 8QLW UHSUHVH(
LV.LQWHUSUHWHG WR EH YHUWLFDOO\ GLVSODFHG E\ DERXW
DOVR WKH EDVH RI 8QLW LV RQO\ GLVSODFHG WR FP 7KH GL

LV XQFOHDU EXW LV OLNHO\ VLPLODU WR WKH WRS RI WKH GHS
, QWHUSUHWDWLRQ DOVR SURYLGHWVFAMURHGHED G H®@ R W\KKDHVG(H
GLVSODFHPHQW XS VHFWLRQ 9RG ZLWKLQ 8QLW Y)LIXUH 3C

(YHOW ( DW WKH :HVWHUQ )DXOW =RQH

7KHUH LV VRPH HYLGHQFH WKDW WKH ZHVWHUQ IDXOWDRQH PD\ KLC
J)LIXUH D DQG 30ODWH 6WUDWLJUDSKLF HYLGHQFH IRU WKL
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RQ WKH VRXWK ZDOO ZKHUH WKH EDVH RI 8QLW LV RIIVHW DER
GRHV QRW DSSHDU WR EH RIIVHW 6WDWLRQ P 7DEOH JLIXUH
DQG VWUXFWXUDO UHODWLRQV DUH QRW SUHVHQW RQ WKH QRUWK
LOQWHUSUHWDWLRQ H[KLELWV VLJQLILFDQWO\ PRUH HDVW VLGH G
RYHUO\LQJ 8QLW $V H[SODLQHG HDUOLHU LQ WKH GLVFXVVLRQ
WKH QRUWK DQG VRXWK ZDOO DORQJ WKH ZHVWHUQ IDXOW JRQH PL
SURFHVVHV( OWQWKH VDPH XQLW ERXQGDU\ FDQQRW EH UHSOLFE
ZHVWHUQ IDXOW JRQH 'XH WR WKH ODUJH GLVFUHSDQFLHV EHW.
FRQVLGHUHG KLJKO\ XQFHUWDLQ DQG WKHUHIRUH QRW UDQNHG LC

6XPPDU\ DQG 7LPLQJ RI (YHQW (

7KH DJH RI((YIHMQ®RRUO\ FRQVWUDLQHG DQG OLNHO\ SUH GDWHV 4H
ROGHU WKDQ 8QLWYV DQG EHFDXVH WKHVH @Q LQRMWZ BHRQ R/I 1 V|
'DWHG FKDUFRDO VDPSOHV IURP 8QLW LQ WUHQFK %7 ( SURYLGF
WKDW UDQJHV IURP WR FDO \U % 3 7DEOH +RZHYHL
EHWZHHQ 8QLWYV DQG UHSUHVHQWY D VLIJQLILFDQW DPRXQW |

ND 7KHUH DUH QR GDWD WR SUHFOXGH WKDW WKLV HYHQW RFF
8QLWYV WKURXJK DUH ROGHU WKDQ 4HF DV LQIHUUHG IURP W
WUHQFKHV WKRAUWHEHVROGHU WKDQ ND $OWHUQDWLYHO\ LW
FRPSULVLQJ 8QLW VXFK DV 8QLW DUH \RXQJHU WKDQ 4HF :
(YHEGW :H QRWH WKDW D VRLO GHYHORSHG LQWR WKH 8QLW VH
KLDWXV LQ GHSRVLWLRQ ZLWK PLQLPDO HURVLRQ DQG WKXV SUF
IDXOWLQJ 7KH PRGHUDWHO\ WR ZHOO GHYHORSHG VRLO ZLWKI
SUHFOXGHV D +RORFHQH DQIK URMK HKUWPXBSRUVWRFHQM DBIOWRU WK

BEEEE (YHY TUHQFK %7
(YLGHQFH IRU KVH@GWMQWLILHG LQ ERWK ,QWHUSUHWDWLRQV DQG
LV DOVR SUHVHQW LQ WKH ZHVWHUQ IDXOW ]JRQH RI WUHQFK %7

DQG +HUH ZH GR QRW SUHVHQW VHSDUDWH GLVFXVVLRQV RI ,
VXSSRUW WKH LQWH US UHM QW MRKH RIDPHH BIWHQW LQGLFDWRUV LW
JRQH HYLGHQFH IRQFOH®NWW WRHKBRIDQYW GLVSODFHPHQW RI WKH E
DQG URWDWLRQ RI D ODUJH FODVW Rl 4EW QRUWK ZDOO RI WUHQH

DQG P )LJXUH D 30DWH 7KH DSSDUHQW YHUWLFDO GLV¢
GRZWRVKH HDVW GLVSODFHPHQW RI WKH \RXQJHU RYHUO\LQJ 8QLW
JRQH DQG WKXV UHTWIRUKD Y(N RFWXUUHG EHIRUH GHSRVLWLRQ RI 8

,Q WKH HDVWHUQ IDXOW ]RQH ORFDWHG EHWZHHQ VWDWLRQV T
H[KLELWYV DERXW P RIWRSISH HDYW GRYQODFHPHQW FRPSDUHG W
GLVSODFHPHQW XSVHFWLRQ DQG DFURVV WKH RYHUO\LQJ EDVH RI

30DWHV DQG 7KLV GHFUHDVH DQG FKDQJH LQ GLVSODFHP
ERXQGDULHV LV FRQVLGHUHG PV HALGHYRBWRILQ GLHFOWRUV 9RG
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$GGLWLRQDO HYHQW LQGLEFBRDVVRUVWHRUQY VY@YW H DQG LQFOXGH D
YHUWLFDO RIITVHW 9R GHFUHDVLQJ YHUWLFDO RIIVHW XSVHFWLR

%DVHG RQ WKHVH HYHQW LQGLFDWRUV WKH 3DOHRVHLVPLF WHDP
RI ( 7KH WLPLQ(J RIV(RRWO\ FRQVWUDLQHG EXW SUH GDWHV 4HF
GHYHORSPHQW LQGH[ SURSHUWLHV VXJIJHVWLQJ D PLGGOH WR ODV

B (YHQW7UH@FK %7
(YLGHQFH IRU (QHQWGHYVY MX[WDSRVLWLRQ Rl SDOHRVRO 8QLW |

8QLW RQ WKH ZHVW DFURVV WKH ZHVWHUQ VKHDU JRQH QHDU V'
ZDOOV 7DEOH YLIXUH D 30DWHV DQG 7KLV HYHQW SU
8QLW DQG SRVW GDWHV WKH GHSRVLWLRQ DQG IRUPDWLRQ RI

SDOHRVRO 8QLW LV LQWHUSUHW HGV®RY/K H DI DI \E HOHIQG GSLW/HB\OXDRFIHERO ¢
IURP WKH ZHVWHUQ XS WKURZQ VLGH RI WKH IDXOW EORFN SULRL
FROOXYLDO 8QLW E ORFDWHG RQ WKH VRXWK ZDOO RI WUHQFI
LQWHUSUHWHG DV D FRDUVH JUDLQHG VFDUS GHULYHG FROOXYLD
SURGXFHGHMHQW +RZHYHU 8QLW E LV RQO\ SUHVHUYHG RQ WK
PDNLQJ WKH LOQWHUSUHWDWLRQ RI WKLV GHSRVLW DV D FROOXYLI
(YHQWDUH OLVWHG LQ 7DEOH DQG LQFOXGH 61 9R 9RG DQG &V
LV DYDLODEOH IRU WKLVFBHUBQW\ EXW GCDM@EHV 4HF DQG OLNHO\ RF
WR ODWH 4XDWHUQDU\

BN (YHQWT7UH@FK %7

7KH ROGHVYW (¥Y8BQMUHQFK %7 LV EDVHG RQ WKH UHFRQVWUXFWLI
ZHVWHUQ IDXOW ]JRQH QHDU VWDWLRQV WR P LQ ERWK WUHQFK
(YHQWFRLQFLGHYV ZLWK WKH IDXOWLQJ DQG UHPRYDO RI 8QLW R
]JRQH DQG SUH GDWHV WKH GHSRVLWLRQ RI 8QLW ZKLFK LV M)>
(YLGHQFH IRU WKLV HYHQW LV WKH SUHVHQFH RI WKH SDOHRVRO &
HDVW RI WKH IDXOW JRQH UHVSHFWLYHO\ 7KH DEVHQFH RI 8QLV
SUHVXPDEO\ GXH WR GLVSODFHPHQW DQG VXEVHTXHQW HURVLRQ
GHSRVLWLRQ DQG VRLO RYHUSULQWLQJ RI(8Q@Q.WH OLVWHGWQQ@GEP
DQG LQFOXGH 61 9R $F 1R DEVROXWH DJH LQ!RWRZMNHW HRIQL WV SIUYL
GDWHV 4HF DQG LV OLNHO\ PLGGOH 4XDWHUQDU\ LQ DJH

BN 6XPPDU\ RI $JH RI (YHQWYV DW 6LWH %
&ROOHFWLYHO\ 6LWH % WUHQFKHV SURYUBIHMHFREHQWVHALR UXBW XO

DQG RQH WR WZR SRVW 4HF UXSWXUHV )LJXUH 26/ DQG V
GHYHORSLQJ UREXVW OLPLWY RQ WKH DJHV RI WKH WKUHH WR IR’
WKDW WKHVH VXUIDFH UXSWXUHY DUH ! ND )LIXUH 7TDEOHYV

7KH DJH RI WKH SSRMHWWQWHFDQ EH IXUWKHU UHILQHG EDVHG RQ UDGL
VDPSOHV IURP 8QLWYV DQG 7TDEOH )LIXUH ,Q WUHQFK
HDVWHUQ IDXOW JRQH LQGLFDWH WKDW WKH 05( GLVSODFHV WKF

/&, SBURMHFW 1R 6HSWHPEHU



IXJ

JLIXUHYV D DQG 3ODWHYV DQG ,Q WUHQFK %7 LW ZDV
8QLW ZDV IDXOWHG JLYHQ WKH ZDY\ LQGLVWLQFW EDVDO FRQ
ZLWKLQ 8QLW %DVHG RQ WKH KLJK FRQILGHQFH UDQNLQJ RI W
(YHQW 7DEOH WKH 3DOHRVHLVPLF 7THDP EHOLHYHV LW LV UHDV
LQ ERWK WUHQFKHY GLVSODFHG 8QLW I WKLV(LQDYWH BBWHWD W
RFFXUUHG OLNHO\ VKRUWO\ DIWHU WR FDO \U % 3 7KLV L
IURP 8QLW 7TDEOH 7KH 2[&DO PRGHIOWHG WLPEQRIWHBUWKTXD N
FRQILGHQFH OLPLW J)LIXUH $SSHQGL[ + ,Q VXPPDU\ WKH

LOQWHUSUHWDWLRQ RQ WKH EDVLV RI WKH WUHQFK VWUXFWXUDO
LV WKDW D VLQJOH +RORFHQH HYHQW(LVY SUHVHUYHG DW 6LWH % L

(YHQWDORQJ WKH HDVWHUQ IDXOW JRQH LQ WUHQFK %7 LV SRVVL
KROGV LI 8QLW LQ WUHQFK %7 LV \RXQJHU DQG GRHV QRW FR!
‘H SUHIHU WKH LQWHUSUHWDWLRQ WKDW WKHVH XQLWV DUH FRU
VLPLODU DSSHDULQJ VRLO LQ HDFK WUHQFK %DVHG RQ WKH XSZ
(YHQWZLWKLQ 8QLW LQ WUHQFK %7 ZH EHDUMGDWMMVLMHPRUH O

,Q VXPPDU\ RXU SUHIHUUHG LQWHUSUHWDWLRQ DW 6LWH % )LJXU
05( ( WKDW RFFXUUHG OHVV WKDQ DERXW \HDUV DJR 7KH
GHSRVLWLRQ RI 4HF ' ND 7KUHH ROGHU HYHQWY DUH LQWHUSUH
Rl 4HF
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67(& 3$/(26(,60,&19(67,*$7,21

6LWH & 1 : HOHYDWLRQ P LV ORFDWHG DORQJ WKH
VHFWLRQ RI WKH 3DMDULWR IDXOW DERXW NP QRUWK RI &DxR
OF&DOSLQ JLIXUHV DQG 7TKH VLWH LV DERXW NP Z

8 6 )RUHVW 6HUYLFH SURSHUW\ $ORQJ WKLV UHDFK WKH 3DMDUL
WUDFH WKDW FURVVHV 6LWH & DQG DQ HDVWHUQ IDXOW WUDFH |
+LJKZD\ J)LIXUH 2Q WKH EDVLY RI SXEOLVKHG JHRORJLF PIL
DO DV ZHOO DV 3KDVH PDSSLQJ SHUIRUPHG IRU WKLV SURM
FRPSULVHV WZR SULPDU\ IDXOW VWUDQGYV ZHVWHUQ DQG HDVWHU
WKH EURDG DQG VSOD\HG QDWXUH RI WKH 3DMDULWR IDXOW QRUYV
/IHZLV HW DO $ WRSRJUDSKLF SURILOH PHDVXUHG E\ :RQJ
HVFDUSPHQW VRXWK RI VLWH & LQGLFDWHYV WKH HDVWHUQ IDXOW
KLJK ZLWK DQ DYHUDJH VORSH DQJOH RI f DQG D PD[LPXW VORSH
VSOD\ KDV D VPDOOHU PRUH URXQGHG VFDUS RQO\ P KLJK ZLWt
DQG D PD[LPXP RI f QHDU LWV EDVH 2Q D ORFDO VFDOH WKH ZF
EHGURFN FRUHG HDVWWWIDREIQJ (EHUHCBW JUDGLHQW DQG GHSRVLW
XQQDPHG DUUR\R FURVVLQJ WKH VLWH LW LV PDSSHG DV VWHSSL
DUUR\R )LJXUHV DQG ODWXUH YHIJHWDWLRQ LQ WKH DUH
&HUUR *UDQGH ILUH RI DQG WKH /DV &RQFKDV ILUH RI WKH
MXYHQLOH RDN DQG SLQH WUHHYV DV ZHOO DV ORZ VKUXEV DQG EI

7TKH SDOHRVHLVPLF LQYHVWLIJDWLRQ RI 6LWH & LQFOXGHG GHWDL
DXJXUHG ERUHKROHY DORQJ WZR VLWH HDVW ZHVW WUDQVHFWYV L
&7 DFURVV WKH ZHVWHUQ VWUDQG RI WKH 3) )LJXUH 6 XU
FROOXYLDO VORSH ZDVK FRPSULVH PXFK RI WKH VLWH DQG 4EW L\
DQRG RQ EDUUHQ VORSHV WR WKH ZHVW 7ZR WUHQFKHV &7 DG
AXDWHUQDU\ DOOXYLDO IDQ GHSRVLWYV )LJXUH GLUHFWO\ QRU
IXUWKHU GLVFXVVLRQ RI WUHQFK VHH 6HFWLRQ

6LWH & ZDV VHOHFWHG EHFDXVH RI WKH SUHVHQFH RI UHODWLYHO
VLWH DFFHVV YLD D IRUPHU ILUH URDG DQG DSSDUHQWO\ ODFENYV V
IDXOW ]JRQH DVVRFLDWHG ZLWK WKH 3DMDULWR IDXOW WR WKH C
VHGLPHQW DQG GDWHG FKDUFRDO VDPSOHV FROOHFWHG IURP |
3OHLVWRFHQH +RORFHQH DJHV IRU WKH EHGGHG DOOXYLXP RY
VWUDWLJUDSKLF FRQGLWLRQV IRU D SDOHRVHLVPLF VWXG\ 7UHC

6HSWHPEHU SKRWRYV DQG DQG DUH DSSUR[LPDWHO\ P
I[URP DERXW WR P DQG DUH DV PXFK DV P GHHS 7KH WUHQF!
SURMHFWLRQ RI IDXOWY LGHQWLILHG LQ WUHQFK DQG H[WHQG

EHGURFN HVFDUSPHQW DVVRFLDWHG ZLWK WKH ZHVWHUQ IDXOW W

/IHZLV HW DO FRQVWUXFWHG D URXJKO\ HDVW ZHVW JHRORJL
VRXWK RI 6LWH & WKDW VKRZV WKH 3DMDULWR IDXOW DW WKLV OD
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HDVWHUQ IDXOW WUDFHV )LIXUHV DQG $ PRGLILHG YHUVL
VHFWLRQ WKURXJK 6LWH & LV VKRZQ LQ )LIJXUH 7KH HDVWHUQ |
5DQFK 5RDG MX[WDSRVLQJ 4EW W DJDLQVW 4EW RQ WKH GRZQWE
/IHZLV HW DO WR - P PHDVWRGHKHONWY RUWREZDO GLVSOD
ZHVWHUQ WUDFH FRQVLVWY RI D UHODWLYHO\ EURDG ]JRQH RI IDXO
HVFDUSPHQW DV PHDVXUHG IURP )LJXUH 7TKH DPRXQW RI §
GLVSODFHPHQW DORQJ WKH ZHVWHUQ WUDFH LV SRRUO\ FRQVWUD
RQ WKH WRWDO RIIVHW RI 4EW DFURVV WKH IDXOW /HZLV HW DO
VKRZQ DV GLY¥YBOWFDEGURVV ERWK VLGHV RI WKH IDXOW DQG H[WI
4XDWHUQDU\ DOOXYLDO IDQ GHSRVLWV $GGLWLRQDOO\ 4EW LV
ZHVWHUQ IDXOW WUDFH EXW KDV DSSDUHQWO\ EHHQ HURGHG RII
PLQRU IDXOWYVY DUH LQWHUSUHWHG HDVW DQG ZHVW RI WKH ZHVWI
DQG /L'$5 LPDJHU\ WKLV VWXG\ /HZLV HW DO

,7‘UI|QFK &7

IJ\)I . 'II

, 505-412-0795
5-500-7436
Roger Rodriguez, 505-665-9378
ntal, Gwen Bechtel, 510.-412-5470
jon ES&H representative,
v, 505-690-0587
Forest Point of Contact,
ind, 505-500-5458

VRS b % =% 7

3KRWR LHZV ORRNLQJ ZHVW RI 6LWH & WUHQFKHVW&7 OHIW
LPDJHV
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3KRWR

9LHZ RI 6LWH & WUHQFK &7 ORRNLQJ GRZQVORSH W

6LWH & *HRORJLF ODSSLQJ

6LWH & LV PDUNHG E\ DQ XQQDPHG HDVW IORZLQJ DUUR\R WKDW KL
WRSRJUDSKLF HVFDUSPHQW DQG KDV GHSRVLWHG PXOWLSOH SDFI
DOOXYLXP GLUHFWO\ HDVW RI WKH ZHVW IDXOW WUDFH )LJXUH
HVFDUSPHQW LV XQLTXH LQ WKH YLFLQLW\ RI /$1/ LQ WKDW WKHUH
DQG WKH HVFDUSPHQW ODFNV JHRPRUSKLF HYLGHQFH RI ODUJH V
WKH HDVWHUQ IDXOW VWUDQG ZKLFK LV ORFDWHG DERXW P V
JLIXUHV DQG OXOWLSOH 4XDWHUQDU\ DOOXYLDO IDQV
LOQWR WKH EHGURFN HVFDUSPHQW RI WKH ZHVWHUQ IDXOW VWUDQ
GHSRVLWYV WKDW DUH WRSRJUDSKLFDOO\ KLIJKHU DQG ROGHU VRX
6RXWK RI WKH DUUR\R WKH ZHVWHUQ VWUDQG LV PDSSHG DV VWL
DQRG VWHSSLQJ URXJKO\ P ZHVW WR FRLQFLGH ZLWK WKH VW]
QHDU WKH PRXWK RI WKH VDPH DUUR\R .RQLQJ DQG .HOOH\ /
1RUWK RI WKH DUUR\R WKH ZHVWHUQ 3DMDULWR IDXOW LV PDSSH
QRUWKHDVW DFURVV D VWHHS VORSH PDQWOHG E\ FRDUVH WDOX
JLIXUHYV DQG 'RZQVORSH RI WKH HVFDUSPHQW WKH FROO
ZLWK ILQH JUDLQHG EHGGHG DOOXYLDO IDQ GHSRVLWV WKDW R
VPDOOHU HSKHPHUDO GUDLQDJHV RQ WKH IDFH RI WKH HVFDUSPHQ
DQG DQ DOLJQPHQW RI VSULQJY DSSHDU WR FRLQFLGH ZLWK WKH
WUHQFK OF&DOSLQ 7TKHUH DUH QR SURPLQHQW IUHVK VFDL
FROOXYLDO DOOXYLDO IDQ GHSRVLWYV RU EHGURFN .RQLQJ DQG
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$W 6LWH & WKHUH DUH WKUHH SULPDU\ JHRORJLF PDS XQLWV WKD
0D PLGGOH WR ODWH 4XDWHUQDU\ DOOXYLDO IDQ GHSRVLWYV
FROOXYLXP DQG FRDUVH EORFN\ WDOXV 4DU\ DQG 4D )LJXUH

$ JHQHUDOL]JHG GHVFULSWLRQ RI WKH IRXU SULPDU\ JHRORJLF PDES

AXDWHUQDU\ %DQGHG®LHWKHXHGIERFN H[SRVHG LQ WKH XQQDPI
VRXWK DQG LQ WUHSEKHY &FW B/Q ELIXUH 7KH SLQNLVK JU
WR GHQVHO\ ZHOGHG WXIl UDQJHV IURP KLJKO\ ZHDWKHUHG W
SHUYDVLYH VXEYHUWLFDO IUDFWXULQJ DQG D SUHGRPLQDW!
GRZQVORSH FUHHS RI ODUJH GHWDFKHG WDOXV EORFNV $W
DSSHDUDQFH ZKHUH ZHDWKHUHG DQG IRUPV ODUJH UHFWDQJ
8SSHU 4XDWHUQDU\ $OOXYHDDODODWH 4XDWHUQDU\ DOOXYLD
4EW W GRZQVORSH RI WKH ZHVWHUQ IDXOW ]JRQH DQG WKLFN
LQFOXGH PDS XQLWYV 4IL PLGGOH 30HLVWRFHQH WR ND 41\
+RORFHQH 41\ PLG WR XSSHU +RORFHQH S8QLWV 41L 41\
WUHQFKHV &7 DQG &7 JKMHKURXQJHU DOOXYLDO IDQ GHSRV
41\ DUH FRPSRVHG RI SRRUO\ EHGGHG JUD\LVK SRRUO\ VRU\
XSSHU 30HLVWRFHQH +RORFHQH DJH )LJXUH 7KH IDQV T
RUJDQLF ULFK $ KRUL]JRQ ZLWK ZHDN VRLO GHYHORSPHQW 7]
DUH LQVHW LQWR WKH ROGHU DOOXYLDO IDQ GHSRVLW 4IL D
.HOOH\ IRU D GHWDLOHG GHVFULSWLRQ RI WKH PDS XQLW
8SSHU 30HLVWRFHQH (O &DMFAHKAHH SSXPIDAH DHHF IDOO GHSRVLYV
PDSSHG RQ WKH VXUIDFH DGMDFHQW LQ WKH 6LWH & PDSSLQJ
PDSSHG VRXWKHDVW RI WUHQFK DW WKH JURXQG VXUIDF
HQFRXQWHUHG LQ KDQG DXJHUV DORQJ WKH DOLJQPHQW RI V
FRPSOHWHG

8SSHU 30HLVWRFHQH +RORFHQH &ROOXYLTKMH FRROSIHX YR DIO VQE
ZDVK DQG WDOXV PDWHULDO DUH XELTXLWRXV RQ WKH VWHHS
HDVW DFURVV WKH ZHVWHUQ IDXOW WUDFH DQG UDQJH IURP
YLIXUH 7KH GHSRVLW LV FRPSULVHG RI FREEOHV ERXO
WKDW DUH ERWK PDWUL[ DQG FODVW VXSSRUWHG 7KH PDWUL]|
VDQG ZKHUH WKH GHSRVLW KDV DEXQGDQW SHEEOHV DQG FRE

6LWH & 3DOHRVHLVPLF 7TUHQFK 5HVXOWYV

$W 6LWH & WUHQFKHV &7 DQG &7 H[SRVHG 4EW RYHUODLQ E\
FROOXYLXP 4HF DQG +RORFHQH DOOXYLXP DQG FROOXYLXP ZKLF
DFURVV PXOWLSOH GLVWULEXWHG IDXOW JRQHV LQ WKH ZHVWHUQ
WKH 3KDVH JHRORJLF PDSSLQJ GHVLIQDWLRQV .RQLQJ DQG .HOO
GHSRVLWYV LQ WKH WUHQFKHVY DW 6LWH & DUH JURXSHG LQWR EH!
41L \RXQJHU IDQ DOOXYLXP 41\ DQG QHDU VXUIDFH FROOXYLLE
GHSRVLWYV )LJXUH ,Q DGGLWLRQ ZH LQFOXGH 4HF WKDW LV
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ZDV HQFRXQWHUHG LQ WKH FHQWUDO SDUW DQG HDVW HQGV RI W
41\ DQG 4FV 7TKH PDS XQLW 41\ LV PDSSHG QRUWK RI WKH WUH
LOQWHUVHFW WKH WUHQFKHV )LJXUH (DFK RI WKHVH PDSSDEO
VXEXQLWYV ZLWK GLVWLQJIXLVKLQJ FKDUDFWHULVWLFYV $ VXEXC
DOOXYLXP FROOXYLXP SHGRJHQLF VRLO KRUL]JRQ RU D VHULHYV RI
8QLW QXPEHUV DUH VSHFLILF WR 6LWH & DQG GR QRW FRUUHOD
&RPSOHWH OLWKRORJLF VXEXQLW GHVFULSWLRQV DUH LQFOXGHG
&7 LOOXVWUDWHYV JHQHUDOL]J]HG VWUDWLJUDSKLF XQLWYV DQG DYD
GHVFULSWLRQV IURP WUHQFKHYV &7 DQG &7 DUH VKRZQ LQ )LJXU

7KH DJH RI WKH GHSRVLWYV H[SRVHG LQ WUHQFKHV &7 DQG &7 D
$06 GDWLQJ WHFKQLTXHV DQG OHVV ZHOO FRQVWUDLQHG XVLQJ
FKDUFRDO VDPSOHV VHYHQ 26/ VDPSOHV DQG HLJKW VRLO SURIL(
GHSRVLWYVY H[SRVHG LQ 6LWH & WUHQFKHY 7DEOHYV WR VXPF
DQRDO\WHV RI WKH YDULRXV GDWLQJ WHFKQLTXHYVY DQG DVVRFLDW
UDGLRPHWULF DQDO\VLY DUH FRQVLGHUHG WR KDYH D JUHDWHU C
DJH RI WKH GHSRVLW 7KH 26/ DQG 3', VRLO DJH HVWLPDWHYV DUH J
LQIRUPDWLYH DERXW WKH 3UHODWLYH DJH" RI WKH GHSRVLWYV

6RLOV ZKHUH REVHUYHG LQ WKH VWUDWLJUDSK\ UHFRUG SHULRG
EXULHG VRLO KRUL]JRQV DUH UHFRJQL]JHG LQ WKH WUHQFK H[SRVXU
RWKHUV PRUH ODWHUDOO\ FRQWLQXRXVY DORQJ WKH OHQJWK RI W
GHYHORSPHQW DUH UHODWLYHO\ FRPPRQ WKURXJKRXW WKH DOO>
WUHQFK ORJV DV ZHOO DV WKH ORFDWLRQV RI GHWDLOHG VRLO S
DJH" RI WKH GHSRVLWYV 7KH WRS RI SHGRORJLF KRUL]JRQV KDYH I
DQRG VXEVHTXHQWO\ IDFLOLWDWHY WKH FKDUDFWHUL]DWLRQ RI
GHVFULSWLRQV DUH SURYLGHG LQ $SSHQGL[ % DQG WKH ORFDWLR
ORJV IRU WUHQFKHV &7 DQG &7 3ODWHV WR

7KH IROORZLQJ GLVFXVVLRQ LV D VXPPDU\ RI WKH VWUDWLJUDSK
J)LIXUH JRU WKH SXUSRVH DQG HDVH RI GLVFXVVLRQ WKF
VXEGLYLGHG LQWR WKUHH PDLQ WUHQFK GHSRVLWYV 4EW S
SRVW 4HF FROOXYLXP DQG DOOXYLXP

Bl %DOGHOLHU 7XII 4EW 7

AEWBMGURFN 8QLW LV H[SRVHG LQ WKH ZHVW XSSHU HQG RI V
<5 WR D SDOH<BURZHGLXP WR FRDUVH JUDLQHG SXPLFH ULI
IURP IUHVK DQG KDUG WR RFFDVLRQDOO\ PRGHUDWHO\ ZHDWKHU
30ODWHV WR 6ORSH SDUDOOHO DQG VXEYHUWLFDO RSHQ IUDF!
ZLWK VDQG WR SHEEOH VL]HG PDWHULDO 7KLV XQLW LV H[WHQVL
EUHDNV LQWR WDEXODU EORFNV RI' ' P LQ ODWHUDO GLPHQVLRQ
WKH IRUPDWLRQ RI WDOXV DQG VWHDG\ GRZQVORSH FUHHS RI ODL
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EHGURFN LV GHVLJQDWHG 8QLW LQ WUHQFKHV &7 DQG &7 )LJ:
WR

BN 3UMHRROOXYLXP DQG $OOXYLXP

%XULHG EHQHDWK WKH \RXQJHU VXUIDFH FROOXYLXP LV DQ ROGH
RQ EHGURFN 8QLW J)LIXUHYV D DQG D 30DWHV W
LV RQO\ IRXQG WR WKH ZHVWHUQ SDUW RI WKH WUHQFKHYV DQG FR
HQWUDLQHG LQ D FOD\H\ VLOW PDWUL] 7KH ERXOGHU VL]H SLHF
LPEULFDWHG GRZQVORSH DQG VRPH DUH ! P LQ OHQJWK DQG ZL(
GLITHUHQWLDWHG IURP XQGHUO\LQJ EHGURFN RQ WKH EDVLV RI St
LPEULFDWLRQ DQG ZHDN EHGGLQJ VXJJHVWHG E\ WKH ERXOGHU
VXESDUDOOHO WR WKH VORSH 8QLW LV LQ IDXOW FRQWDFW ZL\
DQG EUHFFLDWHG LQ IDXOW JRQHV )LIXUHV D DQG E 30DWH

7JUHQFKHV &7 DQG &7 ERWK HQFRXQWHUHG LQWHUPHGLDWH DJH
EDVH Rl WKH H[FDYDWLRQV )LJXUHV DQG D 30DWHV WR

GHSRVLW 8QLW FRQVLVWY RKBLJIJKRODI\GIO RZDWK HWRZQUDYHO Z
LQWHUEHGY DQG VWHRQJ EWRZA®@LQJ 7KH WXIIDFHRXV JUDYHO
GLVFRQWLQXRXV OD\HUV ZLWKLQ D ILQH JUDLQHG PDWUL[ :HDN ¢
GHWULWDO FKDUFRDO DQG ILQH JUDLQHG WH[WXUH VXJJHVWV 8Q
ZDWHU GHSRVLW 8QLW DORQJ ZLWK WKH RYHUO\LQJ 8QLW D
ZHVW DJDLQVW IDXOWV LQ WKH ZHVWHUQ HQG Rl WKH WUHQFK E)
DSSDUHQW LQ &7 VRXWK ZKHUH LW GLYHV LQWR WKH WUHQFK 10
URXJKO\ FRLQFLGHQW ZLWK WKH WKLFNHVW SDUWV RI RYHUO\LQJ
WDNHQ IURP 8QLW LQ WUHQFK &7 & 7 Q 26/ ZDV VDWXUDWHG
ZKLFK LV FRQVLVWHQW ZLWK WKH SRVLWLRQ RI 8QLW EHORZ 4t
7 5& \LHOGHG D GDWH RI W R FDO \U % 3 IRU 8QLW

VWUDWLJUDSKLF SRVLWLRQ RI WKLV GHSRVLW EHORZ WKH ND 4}
OLNHO\ UHIOHFWV DQ ROG URRW WKDW KDG SHQHWUDWHG WKH FR

$ VHFRQG ROGHU FROOXYLDO GHSRVLW 8QLW LV SUHVHQW RQ
8QLWV DQG YLIXUHV DQG D 30DWHV WR DQG 8Q
JUD\ <5 FRDUVH FROOXYLXP ZLWK ERXOGHUV FREEOHV DQG St
ZLWK 8QLW WKH FODVWYV DUH GHULYHG IURP 4EW W EHGURFN Gl
DQG LPEULFDWHG LQ D GRZQVORSH GLUHFWLRQ 8QLW LV GL
PRGHUDWHO\ ZHOO GHYHORSHG SHGRJHQLF %W KRUL]JRQ DQG ZHD
WR SULVPDWLF SHGV 7KH GHSRVLW LV SUHVHQW LQ WKH ZHVW H
WKH EDVH RI WKH WUHQFK QHDU VWDWLRQ P

BN 3ULPDU\ (O XBPMHMWH 3

BULPDU\ 4HF 8QLW LV IRXQG LQ WKH HDVW HQG RI WUHQFKHYV
DOOXYLDO IDQ GHSRVLW 8QLW JLIXUHYV DQG 3ODWHYV
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PDVVLYH SRRUO\ FRQVROLGDWHG DQG FRQVLVWYV RI VXEDQJXODU
HDN WR LQFLSRPHOWKLFMR®» ODPLQDWLRQV RI LURQ VWDLQHG VLOW
RI WKH GHSRvLW 7KH EDVDO SDUW RI WKH GHSRVLW LV LQWHUSU
DEVHQFH RI HIRWLF FODVWY DQG EHGGLQJ DV ZHOO DV EHLQJ VOL
ZRUNHG 4HF 7KH XSSHU SDUW RI 8QLW LV ZHDNO\ EHGGHG LC
IUDPHZRUN WKDW LV LQ SODFHV ILOOHG ZLWK D ILQH JUDLQHG V
RYHUODLQ E\ \RXQJ DOOXYLDO IDQ GHSRVLWV 8QLW 41\ DQG PXO

B 3RV(\W &DMHWMPERPOXDQG $OOXYLXP 41\

OXOWLSOH SDFNDJHV RI FROOXYLXP GHULYHG IURP WKH EHGURFN
GHSRVLWHG RQ WKH VORSH HDVW RI WKH IDXOW JRQH )LIJXUHV

0DQ\ RI WKHVH VDPH FROOXYLDO SDFNDJHV HJ PDMRU 8QLWYV

JUDLQHG WR WKH HDVW ZKHUH WKH\ LQWHUILQJHU ZLWK DOOXYLI
7KH ROGHVW SRVW (O &DMHWH FROOXYLDO GHSRVLW LV 8QLW z
H J DQG 7KH FROOXYLXP RI 8QLW JHQHUDOO\ LV W
DQG WKLQV DQG ILQHV WR WKH HDVW ZLWK LQFUHDVLQJ GLVWD
ERXQGDULHV VHSDUDWLQJ GLIIHUHQW FROOXYLDO VXEXQLWYV FRL
SDOHRVROV GHYHORSHG LQ WKH XSSHU SDUW RI WKH XQLWV ZHD
LPEULFDWHG SHEEOHV DQG FREEOHV ILQLQJ XSZDUG VHTXHQFH
ZHDWKHULQJ DQG VRLO GHYHORSPHQW )LJXUHV D DQG [

26/ GDWLQJ RI 8QLWYV DQG VXJIJHVW WKHVH GHSRVLWYV DU
JRU H[DPSOH HVWLPDWHG 26/ DIJHV LQ WUHQFK &7 VXJJHVW
ND DQG : ND UHVSHFWLYHO\ 7DEOHV DQG 26/ DJHV L!
DQG DUH “ ND DQG “ ND UHVSHFWLYHO\ 7DEOH ]
WKHVH GDWHV LV LQFRQVLVWHQW ZLWK WKH FRUUHFW FKURQR V)
26/ “ ND 7KH 26/ DJHVY DUH RI WKHVH GHSRVLWYV DUH FRQVL'
WKH ND (O &DMHWH SXPLFH %DVHG RQ WKHVH 26/ GDWD WKH GLI
4HF DQG 8QLWYV DQG UHTXLUHV WHQV RI WKRXVDQGV RI \HDU
QRQ GHSRVLWLRQ DQG RU HURVLRQDO SURFHVVHV )LJXUH

2YHUO\LQJ 8QLW k¥ D EWRZMLIKWSIJUDVLOW\ ORDP 8QLW ZLW|
RI VPDOO SHEEOHVY DQG FREEOHV )LJXUH 3ODWHV WR 7Kl
UDUH VWRQH OLQHV EXW PXOWLSOH LQFLSLHQW WR PRGHUDWHO\
VRLOV DUH HVSHFLDOO\ SUHYDOHQW LQ WKH HDVWHUQ HQG RI Wi
I[URP KLIKHU VHGLPHQWDWLRQ UDWHYV 7KH WRS RI 8QLW JHQF
GHYHORSHG SDOHRVRO WKDW VHSDUDWHY 8QLWYV DQG 8QL

D E DQG F WKDW UHFRUG D WUDQVLWLRQ IURP FROOXYLDC(
WR DOOXYLDO GHSRVLWLRQ QHDU WKH EDVH RI WKH EUHDN LQ VO
FROOXYLDO DQG DOOXYLDO GHSRVLWLRQ LV GLIILFXOW WR DVVHV!
WKH GHSRVLWY DQG WKXV LW LV LQIHUUHG WR EH QHDU VWDWL]|
ERXQGDULHV RI WKH GHSRVLWYV EHFRPH REVFXUHG DQG WKH VOR:
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$V DQ H[DPSOH RI WKLV WUDQVLWLRQ LQ WUHQFK &7 8QLW FK
WR D IOXYLDO RYHUEDQN D DQG ZHDNO\ FKDQQHOL]HG F GHS
VWDWLRQV DQG P )LJIXUH 30DWH DQG

8QLW FRQVLVWYV R D BAURRBQ VDQG\ VLOW ZLWK ILQH JUDYHO .
SDUDOOHO FODVWVY DQG SHEEOHV GHQRWLQJ VWRQHOLQHV DV ZH
EHGGLQJ )LIJXUHYV D DQG D 30DWHV WR 8QLW L
DVVRFLDWHG ZLWK FROOXYLDWLRQ 8QLWYV LQ WKH ZHVWHUQ S
WKH HDVWHUQ SDUW RI WKH WUHQFKHV UHVSHFWLYHO\ ,Q ERWK
D FRPPRQO\ PDVVLYH FROOXYLXP WR D EHGGHG IOXYLDO VDQG D¢
HDVWHUQ SDUW Rl WKH WUHQFKHY B6RPH RI WKH IOXYLDO GHSRVL
LQFLVHG SDOHRFKDQQHOV WKDW FXW LQWRAREPUEBR® EBYILWQY R
FKDUFRDO VDPSOHV IURP WUHQFK &7 LQ 8QLW DQG E \LHOG
FDO \U % 3 ZKLFK LV FRQVLVWHQW ZLWK WKH VRLOV GHYHORSHG
LQFLVLRQ OLNHO\ RFFXUUHG URXJKO\ LQ WKH ODWHVW 30HLVWRF
2QH VDPSOH IURP 8QLW I7Q 5B U HOWAK RI7! & FDO \U % 3 DQG ED
WKH RWKHU & DJHV OLVWHG DERYH LQ WKH VDPH XQLW DQG WKF
VDPSOH DSSHDUV WR EH DQRPDORXVO\ ROG DQG LV PRVW OLNHO\ [
DQ ROGHU GHSRVLW WKDW ZDV UHGHSRVLWHG LQ 8QLW YLIXUF
RQ WKLV UDWLRQDOH WKLV VDPSOH ZDV UHPRYHG IURP WKLV DQD

OXOWLSOH FROOXYLDO GHSRVLWYV EXU\ WKH DOOXYLXP DQG FROO

DQG JLIXUHV D DQG D 30DWHYV WR 7TKH\
FRQVLVW RI PDVVLYH VLOW\ ILQH JUDLQHG VDQG ZLWK GLVFRQWL
DUH VHSDUDWHG E\ EXULHG VRLO KRUL]JRQV $ORQJ WKH HDVWHUQ
HJ 8QLW PD\ FRQWDLQ PDVVLYH RYHU EDQN GHSRVLWV WKDW
DUH GLIILFXOW WR GLITHUHQWLDWH IURP WKH PDVVLYH ILQH JUDL

8QLW ZKLFK LV WUXQFDWHG E\ 8QLW QHDU VWDWLRQV  WR
FROOXYLDO GHSRVLW WKDW WKLFNHQV WR WKH HDVW ZLWK LQJ
HVFDUSPHQW )LJXUHV D DQG D 30DWHV DQG 'DW
8QLW VXJIJHVW WKLV GHSRVLW LV ODWHVW 30HLVWRFHQH WR HEC
&7 5& \LHOGHG D GDWH RI WR FD® 89X %\ I13H OEGI& \DDE B Wi
RI WR FDO \U % 3 )JLIJXUHV D DQG D 7DEOH

VXJJHVW UHODWLYHO\ UDSLG HDUO\ +RORFHQH FROOXYLDWLRQ
DEDQGRQPHQW RI WKH SDOHRFKDQQHO GHSRVLWV RI 8QLW 41\ )L.

8QLW LV VXEGLYLGHG LQWR 8QLW ZLWKLQ WUHQFK &7 WR D
WKDW KDYH IRUPHG DQG KDYH EHHQ GLVSODFHG DFURVV WKH ZH\
D 30DWH DQG $ FKDUFRDO UBRPBOUHG&QHDU WKH EDVDO SD
HDVW RI WKH ZHVWHUQ IDXOW WUDFH LQ WUHQFK &7 \LHOGHG DC
6DPSOHV IURP 8QLW LQ WUHQFK &7 ZLWKLQ WKH IDXOW ]
GDWHYV UDQJLQJ IURP 7 FOOWR % 3 & FDO WU SB%& 3 IRU
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8QLW ZLWKLQ P RI WKH JURXQG VXUIDFH )LJXUH 7TDEOH
LQ WUHQFK &7 \LHOG GDWHV RI ¢ ND DQG ¢ ND 7DEOH
8QLW LV D ODWH +RORFHQH GHSRVLW

6LWH & )DXOW DQG 6WUXFWXUDO &KDUDFWHULVWLFYV

(YLGHQFH RI FRVHLVPLF VXUIDFH GLVSODFHPHQW RQ WKH ZHVWHU
LV GRFXPHQWHG RQ PXOWLSOH WUHQFK ZDOOV E\ WKH MX[WDSRV
FROOXYLDO GHSRVLWY DORQJ PXOWLSOH QRUWKZHVW VWULNLQJ C
3ODWH WR S$OWKRXIKLYOR SH LDOR EDDWMBGE URXJKO\ LQ WKH |
WUHQFKHV &7 DQG &7 DQG FRLQFLGHYVY ZLWK WKH ORFDWLRQ R
JHRORJLF PDSSLQJ WKH DFWXDO ]RQH RI ODWH 30O0HLVWRFHQH WHF
WRSRJUDSKLFDOO\ KLJKHU RQ WKH HVFDUSPHQW )LJXUHV |
DFWLYDWHG IDXOW JRQHV H[SRVHG LQ WUHQFKHV &7 DQG &7 VS
SULPDU\ IDXOW JRQH DW WKH ZHVWHUQ HGJH RI WKLV ZHVWHUQ ID
GLVSODFHPHQW DUH SUHVHQW GRZQVORSH DQG WR WKH HDVW ZLV

7KH ZHVWHUQ SULPDU\ VWUDQG OLHV ZLWKLQ WKH ZHVWHUQ IDXC

&7 QHDU VWDWLRQ P DV D WR P ZLGH VKHDU J]RQH WKDW F|
WKH JURXQG VXUIDFH GLVSODFHV QHDU VXUIDFH FROEXXKFURPNS8QL)
J)LIXUH D 30DWHYV WR 7KH ZHVWHUQPRVW WUDFH LV DOV

ZDOO RI WUHQFK &7 VWDWLRQ P EDVHG RQ WKH SUHVHQFH RI
VWHS WKDW MX[WDSRVHV EHGURFN RQ WKH ZHVW DJDLQVW FR
IUDFWXULQJ DOLJQHG FODVWV ILVVXUH ILOO GHSRVLWYV DQG VKF
WUDFHV FRPSULVLQJ WKH ZHVWHUQ IDXOW VWUDQG LQ WUHQFK ¢
QRUWKHDVW DQG GLS PRGHYDWHGUHDVW IrKH ZHVWHUQ PRVW WU
&7 VWULNHV QRUWK WR QRUWK QRUWKHDVW DQG GLSV VWHHSO\ H
&7

$GGLWLRQDO PURVKYH HDRZAN) IDXOW VWUDQGYV DUH PDSSHG HDVW |
EHWZHHQ VWDWLRQV DQG P LQ WUHQFK &7 DQG VWDWLRQV
IDXOWYV DUH JHQHUDOO\ QRUWK WR QRUWKHDVW VWULNLQJ DQG \
DUH GHOLQHDWHG XVLQJ EDVDO WUXQFDWLRQV RI GHSRVLWV DQ
EUHFFLDWHG VKHDU ]JRQHV RSHQ YRLGV DQG IUDFWXUHV DQG DC
AEW W

7KH HDVWHUQ PRVW IDXOW HQFRXQWHUHG LQ WUHQFK &7 LV DW

SXPLFH 8QLW RQ WKH HDVW DJDLQVW D ILQH JUDLQHG JUDYH
JLIXUH D 30DWHYV DQG ,Q WUHQFK &7 (O &DMHWH
GLVFRQIRUPDEOH FRQWDFW ZLWK WKH XQGHUO\LQJ 8QLW yLIXU

DV IDXOWHG TUHQFKHY DW 6LWH & VXSSRUW DQ LOQWHUSUHWDW
ZHVWHUQ vWUDQG RI WKH 3SDMDULWR IDXOW ZLWK WKH PRVW UHFI
ZHVWHUQ HQG RI WKH WUHQFKHYV )LIJXUHV D DQG D 30D
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6LWH & 1XPEHU DQG 7LPLQJ RI 6XUIDFH 5XSWXUHYV

7UHQFKHV &7 DQG &7 SURYLGH VWUDWLJUDSKLF DQG VWUXFWXU
FRQVLGHULQJ D FRPELQHG FKURQRORJ\ DFURVV DOO WKH IDXOW
(YLGHQFH IRU FRVHLVPLF VXUIDFH UXSWXUH LQFOXGHV XSZDUG ID
ZHGJHV DQG ILVVXUH ILOOV D FKDQJH LQ DSSDUHQW YHUWLFDO G
ZHOO DV WKH SUHVHQFH RU DEVHQFH RI EXULHG VRLOV DFURVV II
WUHQFKHYVY DUH OLVWHG LQ 7DEOH DQG HYHQWV WKDW SRVW C
UDQNHG

,Q WKH IROORZLQJ VHFWLRQ ZH GLVFXVV WKH LQWHUSUHWDWLRC
(YLGHQFH IRU WKH 05( DW 6LWH & ZDV HQFRXQWHUHG LQ WUHQFK
WUHQFK &7 LV GHVFULEHG ILUVW LQ WKH GLVFXVVLRQ EHORZ
FKURQRORJ\ VXPPDU\

Bl UHQFK &VHOW &KURQRORIJ\

TUHQFK &7 SURYLGHY VWUDWLJUDSKLF DQG VWUXFWXUDO HYLC(
4 XDWHUQDU\ ZKLFK LQFOXGHV RQH SUH (O &4DMHWH HYHQW DQG Il

D DQG ,Q WKH VHFWLRQ EHORZ WKH VWUDWLJUDSKLF LC
WR LQWHUSUHW DOO VXUIDFH UXSWXUHV IRU ZKLFK WKHUH LV HY|
GLVFXVVHG IURK \RXR RH¥GHVW

BN (YHQW O5(UHQFK &7
Preferred Interpretation: (YLGHQFH IRU WKH \RXQJHVW HYHQWHUOSURWHG® HI
WUHQFK &7 LV SUHVHQW DORQJ WKH ZHVWHUQ IDXOW JRQH EHWZ

ZDOOV )LIJXUHWD DQG 3ODWHYV DQG 7TKH VRXWK ZDOO
HYLGHQFH IRUZRKHOWLW LV UHSUHVHQWHG E\ FOHDU EDVDO RIIVFE
XQGHUO\LQJ 8QLW DFURVV WKUHH VHSDUDWH IDXOW VWUDQGYV
JRQH LQ WUHQFK &7 J)LIXUH D 30ODWH 2Q WKH VRXWK ZD(
UDQJH IURP WR FP ZLWK WKH WRWDO YHUWLFDO GLVSODFHPHQV

WR P )LIXUH D 30DWH )LIXUH LOOXVWUDWHY D VL
RlI 8QLW ZKHUH WRWDO VOALS ITKHPXOPXKOWNY DVVRFLDWHG ZLWK

H[SUHVVHG LQ WKH VWUDWLJUDSK\ DV 6) $& DQG RSHQ YRLGV 7I
PDWHULDO H[SUHVVLQJ VKHDU IDEULF LV MX[WDSRVHG DJDLQVW 8

D 30DWH QLW LV LQWHUSUHWHG DV D PL[HG FROOXYLD

WKDW ZDV SURGXFHG E\ FROODSVH RI WKH VFDUS ITURP WKH 05(
IRU WKH 05( LQFOXGH VKHDU IDEULF 61 DORQJ IDXOWV WKDW YH
QHDU VWDWLRQV DQG P DQG DUH OHVV ZHOO H[SUHVVHG ZKH

D 7DEOH 3O0DWH 7KLY DSSDUHQW GLIIHUHQFH PD\ EH GX
EDOO IURP D IRUPHU WUHH DQG H[FDYDWLRQ WRRO PDUNV PDG
FRPSOLFDWLRQV RQ WKH QRUWK ZDOO WKH EDVH RI 8QLW LV YH
WZR IDXOW VWUDQGV HDFK RI ZKLFK H[KLELW EHWZHHQ WR FF
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D DQG D 7TKHVH IDXOW VWUDQGYV FRLQFLGH ZLWK D PRGHUDW
IXUWKHU VXSSRUW IRU D IDXOW LQWHUSUHWDWLRQ 7DEOH

Alternative Interpretaton: $Q DOWHUQDWLYH LQWHUSUHWDWLRQ FRQVLGHU
LQFOXGHY DQ HYHQW WKDW SRVW GDWHV GLVSODFHPHQW RI 8QLW
JRQH )LJIXUH D 30DWHYV DQG 7KLV VHFRQG DQG ODWHU
GLVSODFH 8QLW DORQJ WKH ZHVWHUQ PDUJLQ RI WKH SURPLQ
UDQNHG DV XQOLNHO\ EHFDXVH LW LV PRUH SUREDEOH WKDW
DQG )= IDXOW ]JRQH PDWHULDO LV WKH SURGXFW RI WKH 05(
GLVSODFHPHQW RI 8QLW DQG WKH IRUPDWLRQ RI 8QLW FDQ E
HYHQW ,Q DGGLWLRQ HYLGHQFH IRU WKLV VHFRQG 3\RXQJHU " H"
WUHQFK &7 )LJXUH D

E1l Summary: (YHQWIDXOWYV WKH EDVH RI 8QLW LQ WUHQFK &7 DQG
E\ & GDWHV RQ FKDUFRDO VDPSOHV IURP 8QLW WKDW \LHOG D P
IURP WR FDO \U % 3 7TDEOHYV DQG 26/ GDWD FRQ)
WR EHWZHHOMND DG ND IXUWKHU VXSSRUWLQJ D ODWH +RORFHQH
DQG %RWK DJHV LQGLFDWH WKH 05( RFFXUUHG LQ WKH O
FRQVWUDLQW LV DYDLODEOH EDVHG RQ H[LVWLQJ DJH UHODWHG
GHYHORSHG (RRI(WHRWQYFK &7 VXJIJHVWV WKH HYHQW LV FDO \l
OLPLW )LJXUH 6HH $SSHQGL[ + IRU 6LWH & 2[&DO PRGHO

BN (YHQW7UH@FK &7

Preferred Interpretatio n: (YLGHQFH IRULQYMQMIQFK &7 LV IRXQG ZLWKLQ WK
]JRQH EHWZHHQ VWDWLRQV DQG P DQG LV SUHVHQW RQ ERWK W
SURGXFHG WKH 05( )LJXUHV D 30DWHW EDURG RQ VHHQWD O NH
LQGLFDWRUYV VXFK DV 9R DQG 9RG 7DEOH $IWHU UHPRYLQJ W|
05( DFURVV WKH EDVH RI 8QLW 8QLW EHFRPHV MX[WDSRVHG L
ZHVW Rl WKH SULPDU\ ZHVWHUQ 1RN QWD EX@B U) VXOBH DQG FRDUVH

VXJJHVWYVY LW PD\ UHSUHVHQW D FROOXY(LDO /ZNBZHV HH QMH WHW

UHFRQVWUXFWLRQ RI 8QLW WKH EDVH RI 8QLW LV YHUWLFDO
7TKXV WKH WRWDO RIITVHW RQ WKH EDVH RI 8QLW FDQQRW EH DF
QRUWK ZDO@RI WKHKHCHKVH RI 8QLW LV VLPLODUO\ RIIVHW F

RI WKH GLVSODFHPHQW DVVRFLDWHG ZLWK WKH 05( ‘H DFNQRZO
DVVRFLDWHG ZLWHH(¥KDQWKWO\ XQFHUWDLQ GXH WR WKH XQGXODW

7TDEOH J)LIXUH D 30DWHYV DQG )DXOWV DOVR DUH
SULPDU\ IDXOW ]JRQH EHWZHHQ VWDWLRQV DQG P WKDW SRWH!
7KHVH RIIVHWYV DUH SRRUO\ FRQVWUDLQHG GXH WR WKH PDVVLY
FRPSULVLQJ 8QLW DQG WKH DEVHQFH RI VKHDU IDEULF ZLWKL
IDXOWV &RUUHODWLRQ RI GLVFRQWLQXRXV VWRQH OLQHV ZLWKL
PRUH WKDQ D IHZ PHWHUV DQG GLG QRW DOORZ FRQILGHQFH IRU
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WKHVH IDXOWV 7KXV WKHVH SRRUO\ FRQVWUDLQHG LQWHUSUH\
DVVRFLDWHG ZLRK FDPHQWW H[LVW

(YH@QWGLVSODFHV 8QLWYV DQG DQG WKH PLQLPXP DJH IRU WK
& GDWH RYHUO\LQJ 8QLW EXW DOVR RYHUO\LQJ 8QLW ZKLF
% 3 )LIJXUM 7DEOH W LV LPSRUWDQW WR QRWH WKDW 8QL\
8QLW DW WKH IDXOW JRQH )LJIJXUH D 7KXV RQH DOWHUQDW
WKH RYHUO\LQJ 8QLW SURYLGHV WKH PLQLP XMRZFHRQHW WDK § LRI
GHYHORSHG LQ 8QLW LV FRQVLGHUHG WR KDYH UHTXLUHG VLJQ
WR GHYHORS DQG WKXV WKH WLPLQJ RI WKLV HYHQW LV FRQVLGH
8QLW 7KH PD[LPXP WLRN IFRRUQWHOMN.QHG E\ D VLOJOND26QGDWH
8QLW 7DEOH &YROVK 2BKMDJIJHV VXSSRUW D ODWHVW 30HLV!
RFEXUUHQFH RI WKH SHQX®WRPOMH AREDY RMIKDYWQPRRQVLGHUV ERYV
& DQG 26/ DJHV LV FDO \U % 3 FRQILGHQFH OLPLW
+ 1RWH WKDW WKH 2[&DO PRGHO GRHV QRW LQFOXGH GDWHG FKI

N (YHQW (JUH@FK &7
Preferred Interpretation: (YLGHQFH IRU KQHWWHQFK &7 LYV SUHVHQW DORC
GLVWULEXWHG J]RQH RI IDXOWLQJ EHWZHHQ VWDWLRQV WR P
RI YHUWLFDO GLVSODFHPHQWY DFURVYV WKH EDVH RI 8QLW 9R
7TDEOH JLIXUHV D DQG S3ODWHYV DQG JRU HIDPSOH
P DQ LQIHUUHG IDXOW GLVSODFHV WKH EDVH RI 8QLW E\ DS
GLVSODFHPHQW RI 8QLW LV FRLQFLGHQW ZLWK WKH SUHVHQFH F
XQGHUO\LQJ 8QLW 7TDEOH 6LPLODUO\ RQ WKH QRUWK ZDC«
ZKHUH 8QLW LV MX[WDSRVHG DJDLQVW 8QLW DQG DOVR LQFO
MX[WDSRVLWLRQ RI GLIITHUHQW XQLWYVY VWDWLRQ P 7TDEC
GLVSODFHPHQW RI FP RI WKH EDVH RQ 8QLW LV LQWHUSUHWE
EXW WKLV LV OHVV FHUWDLQ GXH WR WKH ODFN RI VKHDU IDEULF
QRUWK ZDOO DW VWDWLRQ P WKLV VDPH IDXOW FRLQFLGHV ZLW
FP RI RIIVHW DFURVV WKH EDVH RI 8QLW EXW LV SRRUO\ H[SUHV
GLVSODFHPHQW PD\ EH GXH HQWLUHO\ RU LQ SDUW WR XQGXODWL

(YHQWIDXOWYV 8QLWYV LQ WUHQFK &7 DQG 26/ GDWHV IURP WKH

PLQLPXP WLPH RI WKLV HYHQW WR “ ND LQ 7DEOH 7KLV
WK H “ ND 26/ GDWH IURP 8QLW LQ WUHQFK &7 7DEOH
2[&DO PRGHOHG W({PHQRW UHH)FW &7 LV \U % 3 FRQIL
JLIXUH $SSHQGL[ +

B (YHQW (UH®FK &7
3UHIHUUHG ,QWHUSUHWDWLRQ (YLGHQFH IRU (YHQW ( LQ WUHQ
GLVWULEXWHG JRQH RI IDXOWLQJ DW VWDWLRQ P ZKHUH 4HF 8C
VOLJKWO\ RYHUKDQJLQJ IDXOW FRQWDFW DJDLQVW 8QLW 7DEO
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7KLV MX[WDSRVLWLRQ LV VHHQ RQ ERWK WKH QRUWK DQG VRXWK

GLVSODFHPHQW RI 8QLW LV a FP DQG ” FP UHVSHFWLYHO\
H[SUHVVHG DV D MX[WDSRVLWLRQ RI GHQVH ILQH JUDLQHG VDQG\
FROOXYLXP RQ WKH ZHVW 8QLW DQG FRLQFLGHYV ZLWK D VHULE
VKHDUV 7DEOH 4HF 8QLW ZLWKLQ WKH IRRWZDOO LV ELR

IDXOW KDV EHHQ OLNHO\ REVFXUHG RU PRGLILHG E\ EWRWXUEDWL
FP ZLGH ]JRQH RI IUDFWXULQJ DFURVV WKH IORRU RI WKH WUHQFK

7KH IDXOW WHUPLQDWHY DW WKH EDVH RI 8QLW S8WE RQ ER
&7 30DWHV DQG

Alternative Interpretation: $Q DOWHUQDWLYH LQWHUSUHWDWLRQ UDLVHG G>
((57 LV WKDW WKLV DSSDUHQW IDXOW FRQWDFW LV DQ HURVLRQDC

YRU LQVWDQFH 8QLW LV XQIDXOWHG LQ WUHQFK &7 DQG LV LC
DOWHUQDWLYH LQWHUSUHWDWLRQ +RZHYHU WKH SUHVHQFH RI 61
LQGLFDWRUV 7DEOH DORQJ ZLWK WKH IUDFWXUH VHWV REV

FROOHFWLYHO\ VXSSRUW D IDXOWLQJ LQWHUSUHWDWLRQ E\ WKH 3

7KH PD[LPXP DQG PLQLPXP WLPH FROQYPWOGLYWMNFIRU (YHQWD DQG

GDWHV IURP 8QLW “ ND UHVSHFWLYHO\ 7DEOH 8VL
WKH 2[&DO PRGHOHG (WLRHVWRUH@RARQVE7 LV W R FDO \U ¢
FRQILGHQFH OLPLW )LJXUH $SSHQGL[ +

BN (YHQW (JUH@FK &7
Preferred Interpretation: 7KH ROGHVW HYHQMWMWQ WWHHQNFK &7 RQ WKH QRU!'
H[SUHVVHG DV D QHDU YHUWLFDO IDXOW WKDW MX[WDSRVHYV 8QLYV
ZHVW DW VWDWLRQ P 7DEOH JLIXUH 3ODWHYV DQG
MX[WDSRVHG 8QLW (4HPQAIQIYHZOPWO VWUDWLIUDSK\ EHORZ 8QL'
RQ WKH QRUWK ZDOO RI WUHQFK &7 D QG( WIKUX R QWNKKIHRVROAWHKYH.IG®I §
ZDOO 7KLV HYHQW LV LQWHUSUHWHG EHFDXVH D SUH (O &DMHWH |

DQG EHIRUH WKH 4HF 8QLW LV GHSRVLWHG 7KLV HYHQW

VHH GLVFXVVLRQERDRZHQW

Alternative Interpretaton: $ SRVVLEOH DOWHUQDWLYH LQWHUSUHWDWLRQ F
8QLWYV DQG RFFXUUHG DYRSCHQWRSIV(SBQW RI WKLV LQWHUSUH

DQG DUH HURGHG IURP WKH IRRWZDOO DIWHU IDXOWLQJ DQ
LQWHUSUHWDWLRQ LV QRW IDYRUHG EHFDXVH LQ WUHQFK &7 MX]
EHIRUH 8QLW DORQJ WKH VDPH HDVWHUQ PRVW IDXOW )LJXUH
ZH EHOLHYH 8QLWV DQG ZHUH M X[ WDS®R WG \D D ISNDHIOW R IY HYGHD
4HF VHH 6HFWLRQ IRU IXUWKHU GLVFXVVLRQ

7KH WLPLQJ(RILNYSRRUO\ FRQVWUDLQHG 7KH SUHIHUYUHSUHOWHUSL
GDWHYV 8QLW DQG WKHUHIRUH LV OLNHO\ ROGHU WKDQ 4HF 1R
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RN UHQFK @7HQW &KURQRORJ\

7UHQFK &7 LV ORFDWHG DERXW P VRXWK RI WUHQFK &7 DQG S
HYLGHQFH IRU WKUHH HYHQWYV ZLWKLQ WKH ODWH 4XDWHUQDU\ 71
DQG 30DWHV DQG 7KH HYHQWV LQ WUHQFK &7&7 DUH FRU!
DV SDUW RI WKLV GLVEXVINWRELWH K TV QRW HQFRXQWHUHG LQ W
EHFDXVH WKH WUHQFK GLG QRW H[WHQGHG IDU HQRXJK XS WKH V
IDXOW VWUDQGY 7KH HYHQW7V WV BBWV FND 8 K\GI RUWRW W RKRE RHOGMH V W

( DV FRUUHODWHG ZLWK WUHQFK &7 HYHQW GHVLJQDWLRQV ,C
FRUUHODWH VWUDWLJUDSK\ EHWZHHQ WUHQFKHV &7 DQG &7 \
( ( 7KLV UHIOHFWV RXU LQDELOLW\ WR GLIRWWURRW UBI\WYAKWEKH HY

,Q WUHQFK &7 WKHUH LV HYLGHQFH IRU RQH SUH 4HF HYHQW D
YLIXUH

BN (YHQW 7URDFK &7

Preferred Interpretati on: 7KH \RXQJHVW HYHQW LQ WUHQFK &7 LQFOXGHYV

EHWZHHQ VWDWLRQV DQG P 7DEOHDQG )LIJXBEMDWHY DQG
$ VLIQLILFDQW IDXOW J]RQH ORFDWHG DW VWDWLRQ P LQFOXGHYV .
GHYHORSHG VKHDU IDEULF LQ WKH XQGHUO\LQJ 8QLW 2Q WKH
8QLW LV RIITVHW DSSUR[LPDWHO\ FP LQ DQ HDVW VLGH GRZQ
IDXOW WUDFHV )LJXUH D 30DWHV DQG 7KH ZHVWHUQ WU
FP ZLGH URRW FDVW WKDW PD\ REVFXUH VRPH RI WKH HYHQW LQG
Rl VRPH RI WKH HYLGHQFH IRU IDXOWLQJ XSVHFWLRQ DORQJ WKt
LQFOXGHYV D VHULHV RI GLVFRQWLQXRXVY VWRQH OLQHV WKDW VHSI
VXEXQLWY DQG VWUDLQ PDUNHUV DFURVV WKH IDXOW ]JRQH SURY
HLWKHU QR GLVFHUQDEOH GLVSODFHPHQW RU DV PXFK DV FP
WKH QRUWK ZDOO RI WUHQFK &7 D SURPLQHQW VWRQH ZLWKLQ W
WR EH GLVSODFHG ZLWKLQ WKH UHVROXWLRQ RI WKH EDVDO FRQ\
IXUWKHU VXSSRUW IRU PLQLPDO RU YHU\ OLWWOH GLVSODFHPHQW
%HFDXVH RI WKLY FRQIOLFWLQJ HYLGHQFH EHWZHHQ WKH WZR H[S
FRQILGHQFH WKDW WKH XSSHU SDUW RI 8QLW LV GLVSODFHG DC

$W WKH ZHVWHUQ HQG RI WUHQFK &7 D P KLIJIK EHGURFN VWHS

RQ WKH VRXWK ZDOO PD\ DO(VR EHRDBELODWHG) WIKUHNQW D DQG
3O0DWH 7KH LQIHUUHG IDXOW DSSHDUV WR EH WUXQFDWHG DW
QLW S8WE 7KLY EHGURFN VWHS ZDV QRW PDSSHG RQ WKH QF

RULHQWDWLRQ RI WKH IDXOW JRQH ZLWK UHVSHFW WR WKH WUHQ
ZDV QRWHG LQ WKH XSSHU ZHVWHUQ HQG RI WKH WUHQFK )LJXUI

%DVHG RQ WKH VWUDWLJUDSKLF DQG VWUXFWXUDO UHODWLRQV HJ
DSSHDUV WR EH DVVRFLDWHRB(UZ IRWRKVHHWR K & TY H QMW X UH (Y1

Rl WUHQFK &7 GLVSODFHV WKH XSSHU VWUDWD ZLWKLQ 8QLWYV

WR WKH GLVFRQWLQXRXV VWRQH OLQHV RI 8QLW LQ WUHQFK &7
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DQG %YHFDXVH WKH XSSHU SDUW RI 8QLW DPODKR PD\ QR
LQGLFDWHG E\ WKH DEVHQFH RI GLVSODFHPHQW RI WKH VWRQH Ol
FRUUHODWH (ZUWKWYHQ®RK &7 ZKLFK FOHDUO\ IDXOWV WKH EDVH
DV ZHOO DV LQ WUHQFK &7 2XU SUHIHUUBGVKR Q HVDOU HRUF K H O D&V H
DQG &7 UHVSHFWLYHO\

W DSSHDUV WKDWVYROBMU WKDQ “ ND RQ WKH EDVLV RI 26/ I
SDUW RI 8QLW LQ WUHQFK &7 7DEOH &RQYHUVHO\ WKH
VWUDWLJUDSKLFDOO\ EHORZ 8QLW NRQ)WWXHGNK &7 LD DQG
30DWH 7KLV DSSDUHQW UHYHUVDO LQ DJHV DQG VWUDWLJUDSK
RXWFRPHYV MWKHND GDWH LV LQFRUUHFW DQG WKH “ ND C

+ ND GDWH LV FRUUHFW DQG WKH HQWLUH VHFWLR® IURP DER
ND RU QHLWKHU GDWH LV FRUUHFW DQG WKHVH GDWHV VKRXOG
UHSUHVHQWLQJ D EURDG DJH FRQVWUDLQW %DVHG RQ WKH FRUL
6LWH & ZH SUHIHU WKH ILUVW SRVVLELOLW\ ZKLFK JHQHUDOO\ DJ
WKH 26/ GDWHV IURP WUHQFK &7 DUH FRQVLGHUHG DV D PHDQV W
SDOHR HDUWKTXDNH FKURQRORJ\ WKHQ WKH VXUIDFRUDRIOWLQJ
WUHQFK &7 7KH PD[LPXP WLPH FRQVWUDLQW IRU WKLV HYHQW L
ND $Q 2[&DO PRGHO WR IXUWKHU DVVHVV WKH WLPLQJ RI WKLV
FRQIOLFWLQJ 26/ GDWHV DQG WKH LQDELOLW\ WR FRQILGHQWO\ L
8QLWYV DQG

BN (YHQW7UH@FK &7
Preferred Interpretation. (YHQW.Q WUHQFK &7 LV EDVHG RQ IDXOWLQJ 9R |
P DQG PLQ WKH VRXWK DQG QRUWK ZDOOV UHVSHFWLYHO\
3ODWHV DQG 7KH HDVW VLGH GRZQ YHUWLFDO RIIVHW RI 8QL'
VRXWK DQG QRUWK WUHQFK ZDOOV 7KH VKHDU ]JRQHYVY DVVRFLDW
VKHDU IDEULF DQG DOLJQHG FODVWYV 7DEOH

2Q WKH VRXWK ZDOO RI WUHQFK &7 WKHUH LV D VPDOO ZHGJH V
DJDLQVW 8QLW DW VWDWLRQ P 7DEOH JLIXUHYV D DQ
XQGHUO\LQJ VKHDU LQFOXGHV D FP ZLGH DQDVWRPRVLQJ VKHDU
ZLWK DOLJQHG FODVWYV 7KH SUHIHUUHG LQWHUSUHWDWLRQ RI1 V
UHSUHVHQWY D VPDOO VOLYHU RI 8QLW WKDW KDV(EHHQ IDXOW

Alternative Interpretation: 8QLW FDQ DOVR EH LOQOWHUSUHWHG DV D VPD
EXULHG WKH P KLJK IUHH IDFH IRUPHG RQ 8QLW JLIXUH D
ZHGJH VKDSHG GHSRVLW DUH DEVHQW RQ WKH QRUWK ZDOO WKX\
DOWHUQDWLYH LQWHUSUHWDWLRAQ

7KH WLPLQJ RI WKLV HYHQW LV XQFRQVWUDLQHG 7KH HYHQW SU|
WKDQ : ND EDVHG RQ 26/ DQDO\VLVY 7DEOH W LV DOVR

/&, SBURMHFW 1R 6HSWHPEHU



IXJ

ROGHU RU \RXQJHU WKDQ 4HF a ND LI \RXQJHLD LWUHRX¥®G&FR WU
VKRZQ RQ )LJXUH

(YHQW ( LQ 7TUHQFK &7
Preferred Interpretaton. 7KH ROGHVW HYHQW LQ WUHQFK &7 LV H[SUHVVH
WKDW MX[WDSRVHV 8QLW RQ WKH HDVW DJDLQVW 8QLW RQ
JLIXUHYV D 30DWHYV DQG 2Q WKH VRXWK ZDOO QMRQ VWD
JUDLQHG KDUG SHEEO\ VLOW DUH WUXQFDWHG DJDLQVW 8QLW
ZDOO LV TXHULHG EHFDXVH RI D ODFN RI VKHDU IDEULF DORQJ WKH
DV WKH VRXWK ZzDOO EXW ZLWK DQ LQWHUSUHWHG a FP ZLGH ILYV
RQ WKH ZHVW DQG 8QLW RQ WKH HDVW )LJXUH D 30DWH
ZDOOV HIWHQG LQWR 8QLW LV ZHDN DQG SRRUO\ FRQVWUDLQHG

(YHQWPRVW OLNHO\ SUH GDWHV XQLW DQRQG WKHUHIRUH LV OLNF

BN 6XPPDU\ RI 7LPLQJ RI (YHQWYVY DW 6LWH &
&ROOHFWLYHO\ 6LWH & WUHQFKHYV SURYLGH HYLGHQFH RI DW OH

VXUIDFH UXSWXUHV DQG WKUHH WR IRXU WR SRVW 4HF ND
GDWD LV LQVXIILFLHQW LQ IXUWKHU UHILQLQJ WKH WLPHV RI WKH
EHLQJ FRQILGHQW WKDW WKHVH HYHQWY DUH ! ND )LJXUH 7

HVWLPDWHG RQ WKH EDVLV RI UDGLRFDUERQ GDWLQJ RI FKDUFRDC
DV GLVFXVVHG DERYH 7DEOH

7TKH SRVW 4HF HYHQWYV ND LQFOXGH WKH IROORZLQJ )LJXUHYV

(YHQWFOHDUO\ RIIVHWV 8QLW R @& E R V&R DD OV K HR Z FAVWWHHQURX
JRQH (YHRDW QRW HQFRXQWHUHG LQ WUHQFK &7 SUREDEO\
EH HIFDYDWHG KLJK HQRXJK RQ WKH VFDUS $JH GDWD IURP '

RFFXUUHG DIWHU WR FDO \U % 3 UDGLRFDUERQ DQD
ND 26/ DQDO\VLYV 1R PLQLPXP WLPH FRQVWUDLQW LV DYDLO
(YH@WLV FDO \U % 3 FRQILGHQFH OLPLW )LJXUH

(YHQWLYV GHILQHG E\ WKH RIIVHW RI 8QLWYV DQG LQ WUHC(

IURP 8QLW FRQVWUDLQ WKH PLQLPXP WLPH RI WKLV HYHQW
7KH PD[LPXP WLPH IRU WKLY HYHQW LV FRQVWUDLQHG E

ND LQ 8QLW 7DEOH 7KH 2[&DO PRGHO FRQVLGHUV ER
DJHV RI (YHWDDMQJH IURP FDO \U % 3 FRQILGHQFF
$SSHQGLJ[ +

(YHQWLQ WUHQFK &7 LV GHILQHG E\ IDXOWLQJ RI 8QLW Ne
(YHGWDOVR RIIVHWVY WKH EDVH RI 8QLW LQ WUHQFK &7 :
FRQVWUDLQ WKH PLQLPXP DQG PD[LPXP WLPHV RI WKLV HYH¢

“ ND 7DEOH 7KH 2[&DO PRGHO FRQVLGHUV WKH 26/ |
EHWZHHQ FDO \U % 3 FRQILGHQFH OLPLW )LJX
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(YHOWLQE WUHQFK &7 LV GHILQHG E\ WKH MX[WDSRVLWLRQ RI
RQ ERWK zZzDOOV RI WKH WUHQFK (YLGHQFH IRU WKLV HYHQW
&7 7KH PD[LPXP DQG PLQLPXP WLPLQJ(FRQV¥O@XOGHQW YV &IRWH {

3XPLFH “ ND DQG 26/ GDWHV FROOHFWHG IURP 8QLW
7TDEOH 8VLQJ WKHVH GDWHV IRU WLPLQJ FRQWURO WKF
RFFXUUHG EHWZHHQ WR FDO \U % 3 FRQILGHC

$SSHQGL[ +

&ROOHFWLYHO\ WKHVH GDWD L H IRXU HYHQWYV LQ a ND DUJX
DSSUR[LPDWHO\ ND L H ND ND UHFXUUHQFH LQWHL
UHFXUUHQFH LQWHUYDOV RI ND UHSRUWHG E\ OF&DOSLQ D
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7.0 REINTERPRETATION OF PREVIOUS LANL PALEOSEISMIC
STUDIES (1990-2003)

$V SDUW RI WKLV 3KDVH LQYHVWLIDWLRQ ZH UHYLHZHG DQG

FROOHFWHG SUHYLRXVO\ RQ WKH 3)6 E\ :RQJ HW DO OF&DC
*DUGQHU HW DO /IHZLV HW DO IDYLQH HW DO D
DQG 5HQHDX HW DO 2XU UH DQDO\VLV IRFXVHG RQ HYDOXDW

3OHLVWRFHQH DQG +RORFHQH HDUWKTXDNHYVY RQ WKH 3DMDULWR
IDXOWYV E\ DSSO\LQJ WKH HYHQW UDQNLQJ FULWHULD HVWDEOLVKF
FRQVLGHULQJ WKH IXOO UDQJH RI DOWHUQDWLYH LQWHUSUHWDMW
ORJJLQJ DQG GDWLQJ PHWKRGV XVHG GXULQJ WKHVH HDUOLHU VW
SDUWLFXODU WKH UH DQDO\VLV IRFXVHG RQ WKRVH VLWHV ZLWK

LQGLFDWRUV H J 6LWHYV D RQ WKH 3DMDULWR IDXOW E\ 0OF&
VXIILFLHQW DJH FRQWURO WR PDNH PHDQLQJIXO FRPSDULVRQV ZL
DQG & )LJIXUH 7KH SXUSRVH RI WKLV UH DQDO\VLVY ZDV WR Gl

+RORFHQH DQG ODWH 30HLVWRFHQH HYHQWY RQ LQGLYLGXDO ID.
DGMDFHQW WR /$1/ 7KLV VHFWLRQ GLVFXVVHV RXU UH DQDO\VLV
2[&DO DQDO\VLV IRU VRPH VLWHV DQG UHYLHZ RI SUHYLRXV WUH
DQG &HFWLRQ LQWHJUDWHV WKLV UH DQDO\VLV RI HDUWKTXDNH
UHVXOWYV DQG SURYLGHYV D FRPSUHKHQVLYH DVVHVVPHQW RI WKH
RI HDUWKTXDNHV RQ WKH 3)6

,W LV LPSRUWDQW WR QRWH WKDW DV SDUW RI WKLV UH DQDO\VLV
WR WKH W\SHV RI GDWLQJ WHFKQLTXHV WKDW ZHUH XVHG WR HYDC
DQRQG WR FRQVWUDLQ WKH DJHV RI GLVWLQFW SDOHRVHLVPLF HYHC
ERWK UDGLRFDUERQ DQG OXPLQHVFHQFH GDWLQJ PHWKRGV ZHUH
PHWKRGY KDYH HYROYHG ZLWK WLPH LQ WHUPV RI XQGHUVWDQGL(
DV ZHOO DV UHGXFLQJ XQFHUWDLQW\ DQG LPSURYLQJ ODERUDWF
HIDPSOH WKHUPDO OXPLQHVFHQFH 7/ ZDV WKH OXPLQHVFHQFH C
WKH HDUOLHU VWXGLHV DW /$1/ H J 'RQJ HW DO OF&DOSLQ
WHFKQLTXH KDV SURYHQ OHVVY UHOLDEOH WKDQ PRUH FXUUHQW 2.
DQRG ,QIUDUHG 6WLPXODWHG /XPLQHVFHQFH ,56/ WHFKQLTXHV V.
FRQVLGHUHG WR KDYH JUHDWHU XQFHUWDLQW\ WKDQ DW WKH WL
WHFKQLTXH ILQH JUDLQHG IHOGVSDU WKDW KDV EHHQ KHDWHG R
SHULRG RI WLPH ZzDV XVHG WR GDWH VHGLPHQW )ROORZLQJ EXULI
IHOGVSDU JUDLQ IURP VXQOLJKW WKH IHOGVSDU ZDV H[SRVHG W|
VHGLPHQW WKDW H[FLWHV HOHFWURQV LQ WKH FU\VWDO WKDW DL
FU\VWDO ODWWLFH 7KH VWRUHG HQHUJ\ LV UHOHDVHG DV OLJKYV
PHDVXUHG OLJKW LV SURSRUWLRQDO WR WKH EXULDO WLPH RI WKF
DQ\PRUH H[FHSW IRU VDPSOHV WKDW KDYH EHHQ KHDWHG GLUHFYV
HWF EHFDXVH IHOGVSDUV UHTXLUH PXFK ORQJHU WLPHV WR EOHIL
/$1/ VDPSOHV PXOWLSOH DOLTXRWV FRQVLVWLQJ RI VHYHUDO KX
WA\SLFDOO\ DQDO\|JHG 7KH PDLQ FKDOOHQJH ZLWK 7/ GDWLQJ LV V
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ZLWKLQ WKH VDPSOH PD\ QRW KDYH EHHQ FRPSOHWHO\ EOHDFK
H[SRVXUH WLPHV UHTXLUHG IRU FRPSOHWH EOHDFKLQJ UHVXOWL
WKH WUXH DJH RI EXULDO 7KLV LV D YDOLG FRQFHUQ IRU DOO RI
&RPSOLFDWLQJ WKLV IHOGVSDU KDV D WHQGHQF\ WR ORVH SDUW
FDOOHG DQRPDORXV IDGLQJ DV DSSOLHG WR 7/ +XQWOH\ DQG /D
WKDW DUH DSSDUHQWO\ \RXQJHU WKDQ WKH WUXH DJH RI EXULDO
HDFK RWKHU RXW EXW WKDW FDQQRW EH NQRZQ LQGHSHQGHQWO!
GDWHV IURP SDVW VWXGLHYVY DUH FRQVLGHUHG VXVSHFW EHFDXVH
DQRG FDQ EH \RXQJHU RU ROGHU WKDQ WKH WUXH EXULDO DJH

5 $1$/<6,6 235(9,2863$/(26(,60,& $7$ 21 7+3$-$5,79$8/76<67(0

$V SDUW RI WKLV UH HYDOXDWLRQ RI SUHYLRXV SDOHRVHLVPLF GD
FULWHULD 7DEOH WR 7DEOH RI :RQJ HW DO WR UDQN
+RORFHQH SDOHR HDUWKTXDNH LGHQWLILHG LQ SUHYLRXV VWXG
TXDOLWDWLYH UDQNLQJ FULWHULD ZHUH XVHG WR DVVHVV WKH T)>
HYHQW VHH 7DEOH 7DEOH OLVWV WKH ODWHVW 30HLVWRFH
ZLWK HYLGHQFH WKDW PHHW RXU PRGHUDWH WR KLJK FRQILGHQTF
W\SLFDOO\ GRFXPHQWHG E\ ZHOO H[SUHVVHG HYHQW LQGLFDWRU\
PXOWLSOH WUHQFKHV DFURVV WKH VDPH IDXOW VWUDQG HJ 6
HDUWKTXDNHV WKDW PHHW WKH PRGHUDWH FRQILGHQFH FULWHUL
HYHQW LQGLFDWRUV RU IHZHU LQGLFDWRUV IRU HDFK HYHQW 7DE
RQO\ DSSOLHV WR WKH HYLGHQFH WKDW WKH VXUIDFH IDXOWLQ.
FRQVLGHU WKH TXDOLW\ RI LQIRUPDWLRQ RQ WKH WLPLQJ RI WKH ¢
LQ 7DEOH LOOXVWUDWH WKDW WKDW WKH KLJK FRQILGHQFH

WKDW PRVW RI WKH SUHYLRXVO\ LGHQWLILHG HYHQWYV IURP 7D
UDQNLQJ DQG DUH QRW VKRZQ RQ 7DEOH

%HORZ LV D GLVFXVVLRQ RI HDFK Rl WKH PRGHUDWH WR KLJK FRQI|
GDWD SHUWLQHQW WR WKH WKUHH +RORFHQH HYHQW FKURQRORJ\
DO /JHZLV HW DO 5DGLRFDUERQ DJHV UHSRUWHG E\ OF:
FDOLEUDWHG KHUHLQ DQG UHSRUWHG LQ FDO \U % 3 VR WKHVH GD
2XU 2[&DO PRGHOLQJ RI WKH 05( WLPLQJ IRU WKHVH HYHQWYV LV VX

3DMDULWR )DXOW + 6LWHYV D (2& DQG :(7) &
3DVW VWXGLHV RQ WKH 3DMDULWR IDXOW WKDW UHSRUW HYLG
SDOHRVHLVPLF HYHQWYV LQFOXGH OF&DOSLQ 5HQHD X
DO JLIXUH 7KH ILQGLQJV Rl WKHVH VWXGLHV DQG RXU 1
BN 6L \WHV DQG D OF&DOSLQ
OF&DOSLQ LGHQWLILHG HYLGHQFH IRU D OLNHO\ ODWH +R
DQG D )LIXUH )RU H[DPSOH WKH VLWH ZLWK WKH EHVW F|
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IURP 6LWH D EDVHG RQ RXU UH LOWHUSUHWDWLRQ RI WKH WUFL
VHYHWDGOGDWHY SODFH WKH WLPLQJ RI WKH 05( EHWZHHQ a DQG

2[&8DO PRGHO GHYHORSHG WR HVWLPDWH WKH DJH RI WKH 05( DW
HI[LVWLQJ DJH GDWLQJ DQG VWUDWLJUDSKLF LQIRUPDWLRQ IURP \
HVWLPDWHYV WKH 05( RFFXUUHG EHWZHHQ DOQHH)LIXURDIO \UQ% 3
$SSHQGL[ + 7KH RWKHU WUHQFK VLWHV RI OF&DOSLQ

ZLWK WKHVH UHVXOWY RI WUHQFK D KRZHYHU WKH WLPLQJ DQC
IURP WKHVH RWKHU WUHQFKHYVY DUH FRQVLGHUHG PRUH SRRUO\ FRC
I[IURP WKHVH SUHYLRXV WUHQFK VLWHV LV SURYLGHG EHORZ

X $W 6LWH FDOLEUDWHG UDGLRFDUERQ DJHV IURP WKH FROC
EHIRUH WR FDO \U % 3 FRQILGHQFH OLPLW OF&DOSLC
RYHUODSV ZLWK WKH DJH UDQJH RI WKH 05( DW 6LWH D DO
6LWH FRXOG EH \RXQJHU EHFDXVH WKH FKDUFRDO GDWHV |
KRVW VHGLPHQW

X 6LWH \LHOGHG HYLGHQFH IRU WKH WLPLQJ RI WKH 05( WR
ND OF&DOSLQ

X 6LWH \LHOGHG HYLGHQFH IRU WKH WLPLQJ RI WKH 05( WR

ND OF&DOSLQ
(YHQW WLPLQJ IRU 6LWHYV DQG DUH GHVFULEHG LQ 6HFWLRG

Bl (28 6LWH 5HOBIOX HW

$JH FRQVWUDLQWY RQ WKH 05( IRU WKH (2& VLWH ORFDWHG RQ [
\LHOG DQ DJH UDQJH EHWZHHQ DERXW DQGNDZLNMK @R POQHPX®LC
DJH FRQVWUDLQW )LJXUH 7DEOH 7KH TXDOLW\ RLWKH HYL
FRQVLGHUHG WR EH PRGHUDWH ZLWK WKH XQGHUVWDQGLQJ WKDW

%DVHG RQ D UHYLHZ Rl WKH 5HQHDX HW DO (2& WUHQFK
RI 8QLW 4F +RORFHQH FROOXYLXP 8QLW 4F RYHUOLHV 8QLW 4F
RI WKH IDXOW $ UDGLRFDUERQ VDPSOH IURP 4F \LH®®HG MHFDOLE
ZKLFK SURYLGHV D PD[LPXP DJH FRQVWUDLQW IRU WKH 05( 5HQHD
DVVRFLDWHG ZLWK WKH 05( DV SURMHFWLQJ LQWR DQG RIIVHWWL
8WD \HW LW GRHV QRW RIIVHW WKH EDVH Rl WKH DUJLOOLF VRLC
DJH RI WKH %W KRUL]JRQ LV FRQVWUDLQHG RQO\ E\ WKH DJH RI WK
\U % 3 DQG WKH RYHUO\LQJ +RORFHQH DOOXYLXP 8QLW 41 E ORF
WKH FHQWUDO SDUW RI WKH WUHQFK &HIDHDK IWWRPDOQLW 41UHZR
FDOLEUDWHG DJH RI FDO \U % 3 8VLQJDWWROHOBBHOBR QV W
UDQJHV IURP WR FDO \U % 3 FRQILGHQFH LQWHUYDO
LQ $SSHQGLJ[ +

+RZHYHU DQ DOWHUQDWLYH LOQOWHUSUHWDWLRQ LV SRVVLEOH IRU
DFNQRZOHGJH WKDW IDXOWLQJ ZLWKLQ WKH XSSHU SRUWLF
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GHYHORSHG LQ 4F PD\ KDYH EHHQ REVFXUHG E\ ELRWXUBDWLRQ I
8QLW 4F DERYH WKH \RXQJHVW IDXOWLQJ 7KXV ZH EHOLHYH D UF
WKDW WKH 05( RFFXUUHG DW WKH (&2 6LWH DIWHU a ND ZLWK Q

Bl (7)) & %YRUHKROH

*DUGQHU HW DO DQG /HZLV HW DO LQWHUSUHW PXOWL
GLSSLQJ QRUPDO IDXOW RQ WKH EDVLV RI KLJK UHVROXWLRQ PDS!
& DW BEWH)LIXUH 7KH :(7) & UHVXOWV DQG FRQFOXVLRQV IUI
ZHUH V\QWKHVL]HG DQG SUHVHQWHG LQ :RQJ HW DO DQG VX
DO 7KHVH VWXGLHV LQIHU WKUHH ODWH 30HLVWRFHQH WR
EDVHG RQ LQWHUSUHWHG IDXOW ]J]RQH IDEULF HQFRXQWHUHG LQ
VDPSOHV /HZLV HW DO LQWHUSUHW HYLGHQFH IRU IDXOW ]R

SUHVHQFH RI FOD\ ULFK VHGLPHQW HQFRXQWHUHG DW D GHSWK F
LQFOLQHG IROLDWLRQ /HZLV HWO DPLQDWH® OMRG LBDMQW'S LKW W K H
ERUHKROH & )LJ DV KDYLQJ EHHQ GHSRVLWHG LQ IORZLQJ DQ
FUHDWHG E\ GLS VOLS DQG RSHQLQJ GLODWLRQ /RRDLD KW ®QJOH
%DVHG RQ WKLV VWUDWLJUDS&UMZARGH® IW®RP :(7) LQWHUSUHW
30HLVWRFHQH WR +RORFHQH HYHQWYV LQFOXGLQJ WKH ILUVW
HYHQW RFFXUULQJ EHWZHHQ DQG ND DQG WKH WKLUG HYHQ

%DVHG RQ WKH GDWD SUHVHQWHG E\ *DUGQHU HW DO DQG /}
RI WKLV H[LVWLQJ GDWD ZH EHOLHYH WKH WKUHH SDOHRVHLVP
ERUHKROH DUH VSHFXODWLYH SRRUO\ FRQVWUDLQHG DQG ODF!
LQWHUSUHWDWLRQ RI WKH \RXQJHU VHGLPHQW 2WKHU UHYLHZ W
VLPLODU FRQFOXVLRQV DV GLG :RQJ HW DO ZKR UHSRUW WKTE
DPELJXRXV %DVHG RQ RXU GHWDLOHG FRQVLGHUDWLRQ RI WKHVF
FKURQRORJ\ UHSUHVHQWY DQ RXWOLHU SURSRQHQW PRGHO WKDW
WKH UDQJH RI WHFKQLFDOO\ GHIHQVLEOH LQWHUSUHWDWLRQV DQ
KHUHLQ DQG 6HFWLRQ

*XDMH ORXQWDLQ )DXOW = &KXSDGHURYV DQG &DEUD &DQ\RQ 6

$ORQJ WKH *0) WZR SUHYLRXV SDOHRVHLVPLF VWXGLHV ZHUH FRQ
&DQ\RQ DQG &DEUD &DQ\RQ VLWHV )LJIXUH $W WKH &KXSDGHL
SURYLGH VWUDWLJUDSKLF DQG VWUXFWXUDO HYLGHQFH IRU WKH (
PRGHO GHYHORSHG IRU WKLV 3KDVH VWXG\ VXJIJHVWV WKDW WK
&KXSDGHURV &DQ\RQ VLWH 7DEOH DOVR VHH &KXSDGHURYV &D
J)LIXUH *DUGQHU HW DO $W WKH &DEUD &DQ\RQ VLWH
ORFDWHG WR WKH VRXWK RI WKH &KXSDGHURV &DQ\RQ VLWH D V
IDFLQJ VFDUS H[SRVHG D EURDG IDXOW JRQH DQG SURYLGHG HY
*DUGQHU HW DO 7KH DJH RI WKH 05( LV FRQVWUDLQHG EHWZHH(
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EDVHG RQ UDGLRFDUERQ GDWD DQG 2[&DO PRGHOIB@FIHWHKH [&DPEUD
JLIXUHYV 7TDEOH 7KH DJH Rl WKH 05( DW &DEUD &DQ\RQ L
OHVV ZHOO FRQVWUDLQHG 05( RI WKH &KXSDGHURV &DQ\RQ VLWH
VLPSOH H[SODQDWLRQ LV WKDW WKH *0) UXSWXUHG LQ WKH PLGGO
LV FRQVLGHUDEO\ ROGHU WKDQ WKH 05( RQ WKH 3DMDULWR IDX!
DFNQRZOHGJH WKDW DOO WKH UDGLRFDUERQ DJHV IRU WKHVH VLV
VHGLPHQW WKXV LW LV SRVVLEOH WKDW WKH WLPLQJ RI WKH 05( F
2[&DO PRGHOHG DJH

5HQGLMD &DQ\RQ IDXOW * *XDMH 3LQHV DQG &RXQW\ /DQGILC
.HOVRQ HW DO

7KH *XDMH 3LQHV DQG &RXQW)\ /DQGILOO SDOHRVHLVPLF VLWHV SU
RQ WKH 5HQGLMD &DQ\RQ IDXOW )LJXUH 7DEOH "RQJ HW DC
WKH *XDMH 3LQHV VLWH \LHOGHG XVHIXO FKURQRORG&LEDL\QHR/UPDW
ZLWK WKH 7/ GDWHV EHLQJ VLJQSLIGB W O\$ROGHIVUF WIKEDH)G WDKRAH W K H
6HFWLRQ ZH EHOLHYH WKH 7/ GDWLQJ WHFKQLTXH LV&QRW UHO
GDWHV WR FRQVWUDLQ WKH WLPLQJ RI WKH 05( 5DGLRFDUERQ D.
RYHUO\LQJ DQ LQIHUUHG FROOXYLDO ZHGJH JHQHUDWHG E\ WKH 0

DJH RI DERXW ND 7DEOH .HOVRQ HW DO FRQFOXGH
DSSUR[LPDWHO\ ND %DVHG RQ WKHVH GDWD :RQJ HW DO L
R®HU

7DNHQ DW IDFH YDOXH WKHVH UDGLRFDUERQ GDWHV VXJJHVW DQ
5&) WKDW LV ROGHU WKDQ WKH 05( RQ WKH *0) )LJXUH +RZH
KDV DQ XQNQRZQ UHVLGHQFH WLPH RQ WKH ODQGVFDSH EHIRUH ElI
UDGLRFDUERQ GDWHV FRXOG EH FRQVLGHUHG D PD[LPXP DJH IR
DOWHUQDWLYH LQWHUSUHWDWLRQ WKH 05( RQ WKH 5&) FRXOG E|
VDPH DJH DV WKH 05( RQ WKH *0)

B00$5< 2)6,7( 6,7(% $1° 6,7(& 75(1&+'3$7%

6LWHYV DQG LQYHVWLIJDWHG E\ OF&DOSLQ DUH ORF
6LWHV % DQG & RI RXU FXUUHQW 3KDVH VWXG\ UHVSHFWLYHO\ )
VWXG\ GHPRQVWUDWHG WKDW D SULPDU\ VWUDQG RI WKH 3DML
IDXOW OLNHO\ UHDFKHG WKH JURXQG VXUIDFH DQG ODWH 30
SUHVHQW LQ WKH VLWH DUHD IURP ZKLFK WR HYDOXDWH WKH QXPE
IDXOW 7KXV UHVXOWYV IURP WKH HDUOLHU OF&DOSLQ VWXG\ ZHUH
RI WUHQFK ORFDWLRQV DW 6LWHYVY % DQG & %HFDXVH RI WKHLU LP
6LWHV % DQG & LQ WKLV VHFWLRQ ZH SURYLGH D PRUH GHWDLOH
WUHQFKHY H[FDYDWHG DW WKHVH VLWHYV
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7TUHQFK OF&DOSLQ

$W 6LWH % OF&DOSLQ HIFDYDWHG WUHQFK DFURVYV WKH S
H[SRVHG LQ DQ DUUR\R GLUHFWO\ WR WKH QRUWK RI WKH WUHQFK
D EURDG ]JRQH RI IDXOWLQJ ZLWK OLPLWHG DJH FRQWURO GDWD |
H[SRVHG VKDOORZ %DQGHOLHU 7XII P EHORZDWBN PXRKQG VX
DV P RI FROOXYLXP DQG DOOXYLXP DQG VHYHUDO EXULHG V
GRZQWKURZQ KDQJLQJ ZzDOO RI WKH 3DMDULWR IDXOW )LIJXUHV

&DMHWH SXPLFH 4HF ZDV QRW H[SRVHG LQ WKH WUHQFK ,Q DQ DU
PDSSHG WZRMWRHAMDVW YHUWLFDO VWHSV(LDQBHGURFE YWV KOG VRAN-
HIWHQGY EHQHDWK FRDUVH JUDLQHG DOOXYLDO GHSRVLWYV IDUWKHL

ZHUH LQWHUSUHWHG E\ OF&DOSLQ DV GLVFUHWH HURGHG IDXC
SULPDU\ IDXOWLQJ DORQJ WKH 3DMDULWR IDXOW DQG JHQHUDOO\
OF&DOSLQ OXOWLSOH IDXOW WUDFHYVY DUH H[SRVHG LQ WUHQ

)DXOW $ ZKLFK GLVSODFHVWHIQI HOVMU DRIG GRZQWY % & DQG '
ZLWK QDUURZ EHGURFN JUDEHQ VWUXFWXUHV LQ WKH ZHVWHUQ S
7KH IDXOWV DUH VKRZQ DV YHUWLFDO WR VWHHSO\ ZHVW DQG H
RULHQWDWHRQ SWIRWDGHG E\ 0OF&DOSLQ

OF&DOSLQ LQWHUSUHWYVY WKDW HYLGHQFH IRU WKH 05( LQ W
ZKHUH IDXOWLQJ RI 8QLW F GXULQJ WKH 05( FDXVHG GHSRVLWLRC(
8QLW D OF&DOSLQ DUJXHV WKDW )DXOW & MX[WDSRVHV WKt}
WKURZQ EORFN DJDLQVW WKH HTXLYDOHQW 8QLW F RQ WKH XSWK
SRUWLRQ RI 8QLW F RQ WKH XSWKURZQ VLGH RI )DXOW & ZDV HUR
ZHGJH RI XSSHU SDUW RI 8QLW D RQ WKHOBKZQSW® URZQLVH SRIURMV
S JURZWK FUDFN" DORQJ )DXOW & WKDW SURSDJDWHYV WKURXJK 8QL
EDQG WHUPLQDWHY DW WKH EDVH RI 8QLW J)LIXUH ‘H DVVXI
05( DbDQRG LV QRW UHODWHG WR D HYHQW WKDW SRVW GDWHYV WKH 0!
WKH 05( RFFXUUHG EHIRUH INOH EQ BDEVRQ RUKLFK FDOLEUDWE
WR WR FDO \U % 3 DQG DIWHU ND VRLO 3', EDVHG DJH

,Q RXU UH DQDO\VLV RI WUHQFK ZH DJUHH ZLWK OF&DOSLQ

RI WKH 3DTMDULWR IDXOW LV H[SRVHG DQG GHIRUPV QHDU VXUI
GHSRVLWYV +RZHYHU ZH DUH QRW DEOH WR UHFRQVWUXFW IURP W
FLWHG E\ OF&DOSLQ IRU WKH 05( LQ WKH WH[W GLVFXVVLRQ
Rl ORZ FRQILGHQFH ERWK IURP WKH SRRU HYHQW LQGLFDWRUV R
DJH FRQVWUDLQWYV

7TUHQFK OF&DOSLQ

$W 6LWH & OF&DOSLQ HIFDYDWHG WUHQFK ZLWKLQ FRDU\
DFURVY DQ LQIHUUHG IDXOW ]JRQH EDVHG RQ JHRPRUSKLF PDSSL
UHODWLRQV H[SRVHG LQ DQ DUUR\R WR WKH QRUWK7KIHWKR WUHQ
ORQJ DQG P GHHS WUHQFK H[SRVHG D FRPSOH[ ]JRQH RI IDXOWI]
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LQWHUILQJHULQJ VORSH FROOKWHEP DQGOXYQWOSIOK BXSBIRML VRLC

XVHG WKH VWUDWLJUDSKLF DQG VWUXFWXUDO UHODWLRQV H
ODWH 30HLVWRFHQH WR +RORFHQH HYHQWV ZLWKLQ WKUHH GLVW
IDXOW ]JRQH 3& Rl GLVWRUWHG DQG IROGHG FROOXYLDO VWUDWL
SURWDWLRQDO VOXPSLQJ ERXQGHG E\ WZR ORZ DQJOH IDXOWV D
3$° FRLQFLGHQW ZLWK D VLQJIWKHVXEYWUW QMOLAVKGRZAF QRUPDO |
7KH VWUDWD LQ WKH WUHQFK ZDV VXEGLGLYLGHG LQWR WKUHH .
IDFLHV WUDQVLWLRQ GHSRVLWY FRPSRVHG Rl ERWK FROOXYLXP DC
DQG GRFXPHQWHG RQH ZDOO RI WUHQFK YJLIXUH $W WK
SURYLGHG DQ DOWHUQDWLYH LOQWHUSUHWDWLRQ WR WKH ILQGLQJ}
3%° ZDV SRVVLEO\ D JUDEHQ VWUXFWXUH

OF&DOSLQ LOQWHUSUHWHG WKH PRVW UHFHQW HYHQW 05( V
SHQHWUDWLYH VKHDULQJ ZLWKLQ WKH FROOXYLDO WDOXV IDFLF
OF&DOSLQ UHSRUWYV WKH WLPLQJ RI WKH 05( DORQJ 'HIRUF

FRQVWUDLQHG EHWZHHQ ND EDVHG RQ VRLO 3', DJHVY DQG Z ND I
GDWHV IURP 8QLW D LQ RXU UH DQDO\VLV WKLV UDGLRFDUERQ

\U % 3 OF&DOSLQ UHSRUWYV WKH WLPLQJ RI WKH 05( DORQJ
UDGLRFDUERQ GDWHV LQ 8QLWYVY D DQG D DQG VRLO 3', DIJHV IF
YLIXUH +H FRQFOXGHV WKDW DOO WKH GHIRUPDWLRQ LQ WKH

OLNHO\ RFFXUUHG EHWZHHQ DQG ND

6LPLODU WR 7UHQFK LQ RXU UH DQDO\VLV RI WUHQFK ZH
VWUDQG RI WKH 3IDMDULWR IDXOW LV H[SRVHG DQG GHIRUPV QHDL
GHSRVLWYV :H DOVR FRQFXU WKDW VRPH RI WKH REVHUYHG GHIRU
JUDEHQ VWUXFWXUH DW "HIRUPDWLRQ =RQH % PD\ EH GXH WR QRC
'"HIRUPDWLRQ =RQHV $ DQG & DUH PRVW OLNHO\ WKH UHVXOW RI ID

%DVHG RQ RXU HYDOXDWLRQ DQG UDQNLQJ RI HYHQW LQGLFDWRU\
05( GHVFULEHG E\ OF&DOSLQ DW 'HIRUPDWLRQ =RQH $ DQG D
GHVFULEHG E\ OF&DOSLQ DW 'HIRUPDWLRQ =RQH & )LJXUH % D
ORJV DQG OF&DOSLQTV GHVFULSWLRQV WKH WLPLQJ RI GHIRU
JRQH $ SRVW GDWHV 8QLWY D D DQG D%W DQG SUH GDWHV 8¢«
WKDW WKH PD[LPXP WLPLQJ FRQVWUDLQW RQ WKH 05( DW 'HI
GDWH RI W R FDO \U % 3 IURP 8QLW D GLVFXVVHG DERY!
LV OHVV FHUWDLQ $OWKRXJK OF&DOSLQ UHSRUWYV WKDW WKH
WKH WUHQFK ORJ VKRZV WKDW GHIRUPDWLRQ FOHDUO\ SRVW GDW
VRLO 3', DJHV GRH QRW UHSUHVHQW D PLQLPXP FRQVWUDLQLQJ D.
IURP 8QLW %Z UHSUHVHQW WKH EHVW DYDLODEOH PLQLPXP FRQV)
DJH IURP 8QLW+ %¥ZQFDOLEUDWHG UDGLRFDUERQ \HDUV WKDW FDU
\U % 3 7KXV WKH DJH RI WKH 05( LQ WHQFK LV EURDGO\ FRQV\
W R ND EDVHG RQ RXU UH DQDO\VLV RI OF&DOSLQ TV UHVX
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B00$5< 2)3$673$/(26(,60,&$7%

2XU UHDQDO\VLVY RI SDVW SDOHRVHLVPLF GDWD SURYLGHYV VHYHUL
SDMDULWR IDXOW UHFRUG HYLGHQFH IRU D VLQJOH ODWH +RORFHC

WUHQFKHY RQ WKH *XDMH ORXQWDLQ IDXOW UHFRUG HYLGHQFH
WKDW GRHV QRW DSSHDU WR RYHUODS ZLWK 05( WLPLQJ RQ WKH
(2& DQG WUHQFKHV RQ WKH 5HQGLMD &DQ\RQ IDXOW UHFRU
HYHQW ND RU ROGHU 7DEOH

$RWKHU LPSRUWDQW REVHUYDWLRQ GHULYHG IURP RXU UH DQDO\
DQG UH DQDO\VLV LV WKH ODFN RI PXOWLSOH +RORFHQH IDXOWLQ
RQ WKH 3)6 )LJXUH 7KLV REVHUYDWLRQ ZDV DOVR PDGH E\ SC

7KLV PD\ EH EHFDXVH WKH GLVWULEXWHG FRPSOH[ PRQRF
FRXOG \LHOG VHSDUDWH HYHQWYV WKDW PD\ QRW UXSWXUH RU EH
VLWH RU WKH 3DMDULWR IDXOW *XDMH ORXQWDLQ IDXOW DQG
ZLWKLQ WKH 3)6 DQG DFW LQGHSHQGHQWO\ RU WKH SDOHRVH
LQFRPSOHWH VWUDWLJUDSKLF UHFRUG 5HJDUGOHVV WKH IDFW V
EHHQ SRVLWLYHO\ LGHQWLILHG DW DQ\ RQH VLWH RQ WKH 3)6 LV \
KDV RFFXUUHG RQ DQ\ JLYHQ IDXOW
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8.0 INTEGRATION OF PHASE 1 RESULTS WITH PREVIOUS
STUDIES: IMPLICATIONS ON FAULT BEHAVIOR

7KH 3DMDULWR IDXOW V\VWHP 3)6 FRQVLVWV RI VHYHUDO GLVWL
IDXOW *XDMH ORXQWDLQ IDXOW *0) 5HQGLMD &DQ\RQ IDXOW 5.
6&&) DV ZHOO DV VHYHUDO VPDOOHU |RXWMH FXUIXKHOW VHDWDRLF
PRGHO IRU WKH /$1/ 36+$ :RQJ HW DO WKH 3)6 LV WUHDWHG
VRXUFH $ +RORFHQH FKURQRORJ\ RI HYHQWV IRU WKH 3)6 ZDV
SULPDULO\ RQ WKH UHVXOWV Rl SUHYLRXV SDOHRVHLVPLF VWXGL
QR GHWDLOHG SDOHRVHLVPLF VWXGLHV KDYH EHHQ SHUIRUPHG R
VWXG\ LQFOXGHG DOWHUQM®RL RU PRIGHH +HRORFHQH HYHQWYV RQ W
+RORFHQH FKURQRORJ\ OHG WR D QRQ 3RLVVRQ FOXVWHUHG UHFX
ZH KDYH SHUIRUPHG DGGLWLRQDO GHWDLOHG SDOHRVHLVPLF VW)
3)6 DQG UH HYDOXDWHG WKH HDUOLHU SDOHRVHLVPLF VWXGLHV R
UHGXFH XQFHUWDLQW)\ LQ WKH QXPEHU DQG WLPLQJ Rl +RORFHQH

FRPSDUH WKH +RORFHQH FKURQRORJ\ RI HDUWKTXDNHV RQ WK
UHFRUG Rl +RORFHQH HDUWKTXDNHV RQ WKH DGMRLQLQJ *0) DQG
PRGHOV IRU WKH HQWLUH 3)6 LH HYDOXDWH 3SDUWLFLSDWLRQ
GXULQJ ODUJH PDJQLWXGH HDUWKTXDNHV DQG XVH WKH +ROR
HYDOXDWH DOWHUQDWLYH WLPH GHSHQGHQW 3RLVVRQ DQG FOX'
IDXOW DQG 3)6

,Q WKLV VHFWLRQ ZH LQWHJUDWH WKH UHVXOWYV IURP RXU FXUU
ORFDWLRQV RQ WKH 3IDMDULWR IDXOW 6LWHV $ % DQG &SZLWK RX
D FKURQRORJ\ RI +RORFHQH VXUIDFH IDXOWLQJ HDUWKTXDNHV RCQ
LQYHVWLIJDWLRQ zZDV FRQFHLYHG DV D WKUHH \HDU VWXG\ RI WK
SKDVHV 3KDVHV WR WR HYDOXDWH WKH HDUWKTXDNH EHKDYLR
ZDV LQWHQGHG WR IXUWKHU UHGXFH WKH XQFHUWDLQWLHV DV
LQYHVWLIDWLRQ 7KH UHVXOWYV SUHVHQWHG EHORZ DUH EDVHG R

*LYHQ WKH DYHUDJH ORQJ WHUP VOLS UDWH RQ WKH 3DMDULWR I
‘RQJ HW DO DQ DYHUDJH WLPH GHSHQGHQW RU 3RLVVRQ UH
HDUWKTXDNHY RQ WKH IDXOW LV DSSUR[LPDWHO\ \HDUV RU P]
HYHQWY DUH GRFXPHQWHG RQ WKH 3)6 D 3FOXVWHUHG " UHFXUUHC
RU 3RLVVRQ PRGHO PD\ EH YDOLG IRU IRUHFDVWLQJ IXWXUH EHKDY
LQ :RQJ HW DO %DVHG RQ WKH QXPEHU DQG WLPLQJ RI HYHQ
WKH DGMRLQLQJ *0) DQG 5&) VHLVPLF VRXUFH PRGHOV RI WKH
GHSHQGHQWO\ ZLWK RU VHSDUDWHO\ LQGHSHQGHQWO\ IURP W
&RQVWUDLQWY WR WKLV DQDO\VLV LQFOXGH TXDOLW\ Rl WKH
VWXGLHV VFDUFLW\ RI TXDOLW\ REVHUYDWLRQV IURP VRPH RI
WUHQFK ZDV H[FDYDWHG DQG RQO\ RQH WUHQFK ZDOO ZDV OR
SDOHRVHLVPLF VWXGLHY RQ WKH *0) DQG 58&) DEVHQFH RI SDOH
ODFN Rl DOWHUQDWLYH LQWHUSUHWDWLRQV E\ WKH GLIIHUH
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XQFHUWDLQW\ LQ WKH FKURQRORJLF HYHQW UHFRUG ,Q WKLV FX
VWUDWHJ\ WKDW DGGUHVVHV WKHVH FRQVWUDLQWY E\ GRFXPHQW
ZDOOV GHYHORSLQJ TXDOLWDWLYH HYHQW UDQNLQJ FULWHULD W
FROOHFWHG DQG HPSOR\HG VHYHUDO W&S$HOM R2 6D J s OMINRRDIJ QY H W K
DQRG JHRFKHPLFDO DQDO\WLV DQG VRLO SURILOH GHYHORSPHQW 1
DOVR DSSOLHG WKH HYHQW UDQNLQJ FULWHULD WR WKH HDUOLH!
VWXGLHVY WR WKH VDPH OHYHO RI FRQILGHQFH DV WKH FXUUHQW 3

,Q WKH IROORZLQJ VHFWLRQ ZH H[SOLFLWO\ DGGUHVV D SUHI
ORZHU OLNHOLKRRG LQWHUSUHWDWLRQ V DQG WKH UDQJH R ¢
WLPLQJ RI +RORFHQH HDUWKTXDNHV RQ WKH 3DMDULWR IDXOW

GHYHORSHG IURP 6LWHV $ % DQG & LV GLVFXVVHG ILUVW G6HFWLF
FRPSDULVRQ RI 3KDVH GDWD ZLWK SUHYLRXV GDWD G6HFWLRQ

HDUWKTXDNH WLPLQJ GDWD ZLWK RWKHU IDXOWYV FRPSULVLQJ WK}
HYHQWY WKDW DUH ROGHU WKDQ WKH +RORFHQH (SRFK DUH VXPPL

©/28(1(($57+48%.(&+5212/2*< 2) 7+8%$-$5,72$8/7 )5206,7(6% % $1'&

SUHIHUUHG ,QWHUSUHWDWLRQ+ $ VLQJOH OD WM LE&RHIRAH R HDY M DAV
ODWH +RORFHQH VXUIDFH IDXOWLQJ HYHQW LV LGHQWLILHG DW H
VWXG\ )LIXUH 7KH WKUHH VLWHY ZHUH GHVLIJQHG JHQHUDOO\
DW WKLV ODWLWXGH RI /$1/ LQFOXGLQJ DQWLWKHWLF VWUXFWXUH
RQH ODWH +RORFHQH HYHQW RFFXUUHG RQ WKH 3DMDULWR IDXOW
WKLY ODWH +RORFHQH HYHQW LV FRQVWUDLQHG WR OHVV WKDQ

& )LIXUH7DEOH WKXV WKH HYHQW OLNHO\ RFFXUUHG ZLWKLQ

7KH WLPLQJ RI WKH 05( bDW 6LWH $ LV SRRUO\ FRQVWUDLQHG EDVH
DQG UHODWLYH DJH GDWD GHYHORSHG IURP WUHQFKHV $7 DQG

+RORFHQH DJH OHVV WKDQ DERXW ND *LYHQ WKLV DJH FRQVYV
WKDW WKH 05( bW 6LWH $ LV WKH VDPH HYHQW DV UHFRJQL]HG DW
6LWH $ LV EDVHG RQ WZR 26/ GDWHV IURP 8QLW FROOHFWHG LQ

I[URP % WR= ND 7DEOHKH 26/ DJH V ITURP 8QLW DUH LQWHU
\RXQJHU WKDQ UHSRUWHG GXH WR WKH QDWXUDO PL[LQJ RI SROGH
TXDUW] JUDLQV ZLWKLQ WKH IDXOW ]JRQH VHH 6HFWLRQ WKXV

LQ DJH IURP WKH ODWH +RORFHQH 05( DW 6LWHV % DQG & DQG DU
IDXOWV ZLWK UXSWXUH RI WKH 3DMDULWR IDXOW GXULQJ WKH 05(

$OWHUQDWLYH ,QWHUSUHWDWLRQV * 7ZR +ROBBHQB WHYUHDMAM YF
LQWHUSUHWDWLRQ LV WKDW WKH 05( DW 6LWH $ LV D VHSDUDWH H

7KH DJH FRQVWUDLQW RQ WKH 05( DW 6LWH $ ZRXOG DOORZ
+RORFHQH HYHQW RFFXUUHG DW 6LWH $ ND ZKLOH D \RXQJH
6LWHV % DQG & ND 6XFK D K\SRWKHWLFDO PLG +RORFHQH
ZLWK WKH PLG +RORFHQH HYHQW RQ WKH DGMRLQLQJ 5&) DQG *0)
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J)LIXUH $OWKRXIK WHFKQLFDOO\ GHIHQVLEOH DQG ZLWKLQ WK
WKLV LQWHUSUHWDWLRQ LV XQOLNHO\

7KH FXUUHQW VWUXFWXUDO PRGHO IRU WKH 3DMDULWR IDXOW DW
DV DQ DQWLWKHWLF VWUXFWXUH WR WKH SULPDU\ IDXOW VWUDQG
WKLV VWUXFWXUDO PRGHO WKH IDXOW DW 6LWH $ GLSV ZHVW WR
WKDW WKHVH WZR IDXOWYV OLNHO\ LQOWHUFHSW DW VKDOORZ GHSW
WKHQ WKHUH LV D ORZ OLNHOLKRRG WKDW WKH IDXOW DW 6LWH $ L
UXSWXULQJ WKH SULPDU\ ZHVWHUQ VWUDQG RI WKH 3DMDULWR 1ID>
RQ WKH DQWLWKHWLF IDXOW DW 6LWH $ XQWLO WKH SULPDU\ 3D
LQWHUSUHWDWLRQ LV WKH 05( DW 6LWH $ LV HTXLYDOHQW LQ D
DFNQRZOHGJH WKDW WKH DSSDUHQW DJH RI WKH 05( FDQ EH LQWF
6LWHV % DQG & EDVHG VWULFWO\ RQ WKH 26/ UHVXOWYVY DQG
XQFRQVWUDLQHG WR ND +RZHYHU LW LV RXU RSLQLRQ WKD\
05( VWHPV IURP WKH XQFHUWDLQWLHY DVVRFLDWHG ZLWK WKH 26
ZLWK WKH ZHOO FRQVWUDLQHG UDGLRFDUERQ UHVXOWY IRU WKH L
WKXV LV OLNHO\ \RXQJHU LQ DJH VHH SUHIHUUHG LQWHUSUHWDWI

5DQJH RI 3RVVLEOH ,QWHUSUHWDWLRQV * 8S WR IRXY ARFORFHQF
DYDLODEOH GDWD FDQ EH LQWHUSUHWHG WR UHSUHVHQW IURP RC
IDXOW *LYHQ WKH VPDOO GLIIHUHQFH LQ DJH UDQJH IRU WKH 05(
YHUVXYV ND DW 6LWH % LW LV SODXVLEOH DOWKRXJK XQOLNHC
RFFXUUHG RQ WKH 3DMDULWR IDXOW )LJXUH 7KLY DOWHUQD
UHTXLUH WZR FORVHO\ WLPHG VXUIDFH IDXOWLQJ HYHQWV UXSW
VHFWLRQV RI WKH VDPH IDXOW 3DMDULWR IDXOW ZLWK SUHVXPDI
HDFK WLPH ,Q DGGLWLRQ WKH UHVXOWYV IURP 6LWH & VKRZ WKD\
WKH ODWHVW 30HLVWRFHQH WR HDUO\ +RORFHQH WR N |
LOWHUSUHWDWLRQ WKDW D PLG +RORFHQH HYHQW RFFXUUHG DW ¢
FRQVWUDLQWYV WR LQWHUSUHW XS WR IRXU HYHQWYV RQ WKH 3D
+RORFHQH DQG WZR ODWH +RORFHQH HYHQWYV 7KLV DOWHUQDWLY
WKH DYDLODEOH HYHQW DJH FRQWURO EXW LV FRQVLGHUHG YHU\
DUH PD[LPXP DJHV IRU WKH KRVW VHGLPHQW XQOHVV WKH FKIL
SHGRWXUEDWLYH SURFHVYV WKH 05( DW ERWK 6LWHV % DQG
SHUVSHFWLYH RI DJH FRQWURO +*+ OHVV WKDQ ND DW 6LWH % DQ

DOWKRXJK WKH IDXOW WUDFHV PD\ GLIIHU LQ VW\OH DQG ORFL
UHSUHVHQW WKH PDLQ 3DMDULWR IDXOW DW GHSWK DQG WKH .
HYHQW LQ DQ\ RQH WUHQFK RQ WKH 3DMDULWR IDXOW LQ VWXGLH!
LV RI LWVHOIl HYLGHQFH WKDW DUJXHYV DJDLQVW PXOWLSOH +RORF

&03$5,621 23+$6( "$7%$ ., 73$673$-$5,79%$8/7678"',(6

&ROOHFWLYHO\ WKHUH LV VWURQJ HYLGHQFH IRU D VLQJOH +RC
JLIXUH JURP WKH DERYH GLVFXVVLRQ LW LV XQOLNHO\ WKDW
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6LWHV % DQG & DQG LW LV DOVR OLNHO\ WKDW WKH 05( IRU 6LW

OF&DOSLQ LGHQWLILHG HYLGHQFH IRU D OLNHO\ RU S}
6LWHV D DQG YJLIXUH ZKLFK DJUHHV ZLWK RXU 3K
H[DPSOH WKH VLWH ZLWK WKH EHVW FRQVWUDLQHG DJH IRU WKH
IURP 6LWH D ZKHUH RXU 2[&DO PRGHOHG DJH IRU WKH HYHQW
7DEOH $V GLVFXVVHG LQ 6HFWLRQ WKH WLPLQJ RI WKH 05(
FRQVLGHUHG DV SDUW RI RXU UH DQDO\VLV DOVR DJ
LQFOXGLQJ ! N D ! ND DQG ND DQG

N D 7KH 05( WLPLQJ HVWLPDWHY DQG VWUDWLJUDSKLF UHODWLR
FRQVWUDLQHG EDVHG RQ RXU UH HYDOXDWLRQ ,Q VXPPDU\ WKH

VLWHVY EUDFNHW WKH DJH RI WKH 05( IURP OF&DOS
FRQVLVWHQW ZLWK GAU LIKDHH UEKNUOW KHU VXSSRUWLQJ RXU SUHII
D VLQJOH +RORFHQH HYHQW RQ WKH 3DMDULWR IDXOW

$JH FRQVWUDLQWY RQ WKH 05( IRU WKH (2& VLWH ORFDWHG RQ T
\LHOG DQ DJH UDQJH EHWZHHQ DERXW DQG ND RU SRVW N
RQ RXU HYHQW UDQNLQJ FULWHULD WKH TXDD& WD QR3S WXKH HYH G H
FRQVLGHUHG WR EH PRGHUDWH ZLWK VLJQLILFDQW XQFHUWDLQW\

7TKH HDUWKTXDNH WLPLQJ GDWD DYDLODEOH IRU WKH 3DMDULWR Il
6LWHYV $ % DQG & FRUUHODWH ZHOO ZLWK WKH 05( RI OF&DOSLQ

D DQG SUHVXPDEO\ WKH 05( RI 5HQ28D X MW XD/O
LQGLFDWLQJ WKH VWURQJ OLNHOLKRRG RI D VLQJOH ODWH +RORF
JLIXUHYV DQG 7TDEOHYV DQG

,Q VXPPDU\ ZH FRQVLGHU WKH IROORZLQJ DOWHUQDWLYHV EDVH
UHJDUGLQJ WKH 3DMDULWR IDXOW HYHQW FKURQRORJ\

X 3UHIHUUHG _QWHUSUHWDWLRQ* $ VLQJOH ODWARWXKORKEDBH HY
DQRG SUHYLRXV GDWD VWURQJO\ VXSSRUW WKH LQWHUSUHWD\
WKH 3IDMDULWRDODXOW

X $OWHUQDWLYH ,QWHUSUHWDWLRQVz* 7ZR +FRORFHEDH HOMOINAQ B
LOQWHUSUHWDWLRQV FRQVLGHU D PLG +RORFHQH HYHQW
3DMDULWR IDXOW 6LWHNOP WEG+RDRFHDGIGHYHQW RQ WKH PDI

ND 7DEOHYV DQG

x 5DQJH RI 3BRVVLEOH QWHUSUHWDWLRQV * 8S WR IRXKH+RORFH
UDQJH RI SRVVLEOH DOWHUQDWLYHV FRXOG FRQVLGHU XS WR
WR ND@ RQH PLG > ND@ DQG WZR ODWH +RORFHQH HYI
SDMDULWR IDXOW JLYHQ WKH DYDLODEOH DJH FRQVWUDLQWYV
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&55(/$7,21 2§9(17&+5212/2*<%7:((1 3$-$5,72*8%$-(02817%$,1$1'5(1',-%
&$1<21)%$8/76

7R WKH QRUWK WKH HDVW GLSSLQJ 3DMDULWR IDXOW LV PRGHO}
6DQWD &ODUD &DQ\RQ IDXOW 6&&) YLD WKH ZHVW GLSSLQJ *XDMt
&DQ\RQ IDXOW 5&) )LIXUHV DQG 'RQJ HW DO IHZLV |
SDOHRVHLVPLF VWXGLHV KDYH EHHQ SHUIRUPHG WR GDWH RQ WKF
KDYH EHHQ FRQGXFWHG RQ WKH *0) DQG 5&) )LJIXUH 7DEOH
HDUWKTXDNH WLPLQJ KLVWRU\ Rl SUHYLRXV LQYHVWLJDWLRQV R
GHYHORSLQJ 2[&DO PRGHOV 6HFWLRQ IRU HDFK Rl WKH NH\ WUF
LQ )LIXUH JURP WKLV LQWHJUDWLRQ Rl SDOHRVHLVPLF GDWD
FRQVLGHUHG D *0) DQG 5&) WULJJHU VOLS RQ DQWLWKHWLF IDXC
IRU WKH *0) 5&) DQG 3DMDULWR IDXOW DQG WKH 05(fV IRU WK
QRW RYHUODS

2Q WKH EDVLV RI WKLV UH DQDO\VLY DQG DV VXPPDUL]JHG LQ )LJXU
WR PLGGOH +RORFHQH HYHQWY RQ WKH *0) DQG 5&) RYHUODS ZLWtk
DORQJ WKH DQWLWKHWLF IDXOW RI WKH 3DMDULWR IDXOW DW 6LV
IDXOWLQJ LV QRW VXSSRUWHG E\ WKH H[LVWLQJ 3KDVH LQIRUPDW
WKLV RYHUODS LQ WKH DJH RI IDXOWLQJ VXJIJHVWYV WKDW LI WKH
VOLS IURP WKH HDUO\ WR PLGGOH +RORFHQH HYHQW PD\ KDYH WUL
PRGHO WR EH FRUUHFW VOLS ZRXOG KDYH HLWKHU QHHGHG WR E\
RQ WKH 3IDMDULWR IDXOW RU WKLV VOLS ZDV QRW SUHVHUYHG |
DOWHUQDWLYH VKRXOG EH FRQVLGHUHG LQ WKH UDQJH RI SRVVLEC
LV OHVV OLNHO\ EDVHG RQ D FRPSDULVRQ ZLWK WKH ZHOO GDWHG
I[IURP PXOWLSOH WUHQFKHYVY DQG WKH DEVHQFH RI D PLG +RORFHQ
RQ WKH IDXOW

&RXOG WKH 05( RQ *0) DQG 5&) EH WKH VDPH DJH DV WKH 05( RQ W
WKDW & G®WHY DUH PD[LPXPV IRU WKHLU KRVW VHGLPHQWV E
ELRWXUEDWLRQ " 7KLV VFHQDULR LV FRQVLGHUHG EHFDXVH
DQ\ZKHUH RQ WKH 3)6 KDV VWURQJ XQDPELJXRXV GRFXPHQWHOC
+RORFHQH HYHQW DQG WKH LPSOLHG UHFXUUHQFH LQWHUYDO
JUHDWHU WKDQ \HDUV 7KLV VFHQDULR&ZEXW 8 VUR QXEKBUWR
UHFRYHUHG IURP WKH WUHQFK VLWHV RQ WKH *0) DQG 5&) KDYH UF
\HDUV ZKHUHDV VLWHV RQ WKH 3DMDULWR IDXOW KDYH UHVLGHQF
$OWKRXJK WKLY DOWHUQDWLYH LQWHUSUHWDWLRQ FDQQRW EH U
VSHFLDO SOHDGLQJ 7KH VLPSOH LQWHUSUHWDWLRQ LV WKDW WK*F
Rl /$1/ DUH OLNHO\ PLGGOH +RORFHQH LQ DJH DQG ROGHU WKDQ
DQG +HQFH WKHUH LV HYLGHQFH IRU WZR +RORFHQH HYH
HYHQW RQ WKH 3DMDULWR IDXOW VHFWLRQ RI WKH 3)6 DQG D VHSD
ORXQWDLQ DQG 5HQGLMD &DQ\RQ IDXOW VHFWLRQV RI WKH 3)6 $O0OV
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DUH QRW DYDLODEOH WKLV VFHQDULR DUJXHV WKDW WKH 3)6 UXS
+RORFHQH DQG GLG QRW UXSWXUH WR WKH JURXQG VXUIDFH LQ LV

,Q VXPPDU\ ZH FRQVLGHU WKH IROORZLQJ DOWHUQDWLYHV EDVH
UHJDUGLQJ WKH FRPSOHWH 3)6 HYHQW FKURQRORJ\

X 3UHIHUUHG ,QWHUSUHWDW LR Q[ LtV LR # RSMFOAHRMHH HWRHLGFWA/D WD Vv
WKH 3DMDULWR IDXOW UXSWXUHG GXULQJ WKH ODWH +RORFH!
DQG 5&) GLG QRW DQG FRQYHUVHO\ WKH *0) DQG 5&) UXSWXL
DERXW WR ND ZKLOH WKH 3DMDULWR IDXOW GLG QRW )LJ.
VHIPHQWHG UXSWXUH RI WKH 3)6 GXULQJ WKH +RORFHQH DQC
VHSDUDWH UXSWXUH VRXUFHV

x $OWHUQDWLYH ,®® BOS\HIDDMWIRG + QWHUSUHWDWLRQ VXSSRL
DERXW WR ND RQ WKH *0) DQG 5&) WKDW SURGXFHG VHFR(
RI WKH 3DMDULWR IDXOW DW WKH (2& 6LWH DQG SRVVLEO\ 6l
HYHQW RQ WKH PDLQ WUDFH Rl WKH 3DMDULWR IDXOW L H

x 5DQJH RI 3RVVLEOH ,QWHUSUHWDWLRQV + 2QH $¥R IRXU +RORF
GLVFXVVHG DERYH DJH FRQVWUDLQWY RQ WKH PRVW UHFHQW
RYHUODS )LJXKIHFK DOORZV IRU WKH LQWHUSUHWDWLRQ IRU V
IDXOWV ,Q WKLV LQWHUSUHWDWLRQ DQ HDUO\ +RORFHQH HY
+RORFHQH HYHQW RFFXUUHG RQ WKH *0) DQG D ODWH +RORFI
3DMDULWR IDXOW )LJXUH ,Q DGGLWLRQ DJH FRQVWUDLQ)
3DMDULWR IDXOW ND DQG ND DW 6LWHV & DQG % UHVS
LQWHUSUHWDWLRQ WKDW VHSDUDWH HYHQWY RFFXUUHG DW F
FRQVLGHU WKLV LQWHUSUHWDWLRQ WR EH QRW WHFKQLFDOO!
WKH SRVVLEOH UDQJH LQWHUSUHWDWLRQV JLYHQ WKH UDQJF
ORXQWDLQ DQG 5HQGLMD &DQ\RQ VERIRFHIQQFEXBAW R Y LVQK B H

I +2/2&(1( 72 32671/ &$-(7((9(17&+5212/2*<

JURP WKH 3KDVH VWXG\ WKHUH LV HYLGHQFH IRU RQH RU PRUH ¢
DW 6LWHV $ DQG & )LJXUH 7TDEOHYV DQG 7TKHVH HYHQW)
RQ D FRPELQDWLRQ RI IDFWRUV LQFOXGLQJ SRRU JHRFKURQROTF
GHSRVLWLRQ RU HURVLRQ )LJXUH LOOXVWUDWHY SHULRG RI HLU
3KDVH VLWHV )RU H[DPSOH WKH VWUDWLJUDSKLF UHFRUG DW 6L
DQG LW LV XQFOHDU ZKHWKHU D SRVW (O &DMHWH HYHQW LV SUH
WKH SHQXOWLPDWH HYHQW LV SRRUO\ FRQVWUDLQHG EDVHG RQ 2
DQG SRVVLEO\ DIWHU ZXDFKLOXUHOVR D SHULRG PDUNHG E\ OLPLYV
HURVLRQ &RQVLGHULQJ WKDW DOO 26/ GDWHV \LH® GIDGVRY GBIRIPD J
WKH VDPH XQLWYV WKLV LQIHUUHG DJH UDQJH IRU WKH SHQXOWLPL
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VLGH DQG WKH DFWXDO DJH RI WKH HYHQW LV OLNHO\ WRZDUGYV V
WKH SHQXOWLPDWH HYHQW LV GDWHG WR KDYH RFFXUUHG EHWZI
PRGHOLQJ WKDW FRPEBLGBDWRY/IDQUHQFK &7 )LIXUH $SSHQ
DSSHDUV WR EH \RXQJHU WKDQ WKH SHQXOWLPDWH HYHQW DW 6L
LQFRPSOHWH UHFRUG DW 6LWH $ )LJXUH RU UHIOHFWV WKH S
6LWH $ ,Q DQ\ FDVH WKHUH LV HYLGHQFH RI RQH ODWHVW 30HL
IDXOW DQG ED¥YHXRRQRWKIDWHYV DQG DVVXPLQJ WKDW WKH 26/ GDW
DJHV IRU WKH KRVW GHSRVLWYV WKLV HYHQW SUREDEO\ RFFXUUHG
WKH HDUOLHVW +RORFHQH

6LWH & H[SRVHG WKH PRVW FRPSOHWH VWUDWLJUDSKLF UHFRUG R
WKH WKUHH VLWHV LQYHVWLJDW HGHED XWKIL R IVWKKHE P RUHXBRIPSOHW
REVHUYH HYLGHQFH IRU DGGLWLRQDO SUH +RORFHQH SRVW (O &D
WLPH IUDPHV RI WR( DRD (YH@QRY ND (7YOHEQDWA YLIXUH
7RIHWKHU ZLWK WKH ZHOO GRFXPHQWHG ODWH +RORFHQH HYHQW
(O &DMHWH HYHQWYV DW 6LWH & LQ WKH SDVW ND DOWKRXJK Wi
SUHFLVH GDWLQJ RI DQ\ RI WKHVH ROGHU HYHQWY 2YHUDOO IRX!I
D UHFXUUHQFH LQWHUYDO RI DSSUR[LPDWHO\ ND L H ND
LV VLPLODU WR WKH UHFXUUHQFH LQWHUYDO RI ND UHSRUWHG
E\OF&DOSLQ

&55(/$7,21 285( +2/2&(1( .$ 72 3267/ &$-(7( .$ (9(17&+5212/2*<
1,7+ 35(9,286678"',(6

7KH WLPLQJ RI SUH +RORFHQH SRVW (O &DMHWH VXUIDFH UXSWXU
RQO\ EURDGO\ FRQVWUDLQHG LQ SDUW EHFDXVH WKH 26/ GDWH\
WLPHVY ROGHU WKDQ UDGLRFDUERQ GDWHV IURP WKH VDPH XQLWYV
DJHV DQG RQO\ VHPL UHOLDEOH LQ HVWLPDWLQJ WKH DJH RI SUH
JRU WKH ROGHU VWXGLHV WKH SUREOHP LV HYHQ PRUH XQF
OXPLQHVFHQFH GDWHYVY DUH 7/ GHULYHG GDWHV WKDW KDYH WKH
HISRVXUH WLPH SULRU WR EXULDO DQG DQRPDORXV IDGLQJ RI WKF
DQG &RQVHTXHQWO\ ZH FRQVLGHU DOO RI WKH 7/ GDWHV W
UHVSHFWLYH KRVW VHGLPHQWYV ZK& FFK OV EHROUVWQLIER R XG\D BAHW KUHH FHRZY +
VDPH VWUDWD DV VRPH 7/ GDWHV ,Q WKLV FDVH WKH 7/ GDWHYV I
ROGHU WKDQ WKHLU& FRDWHVSRKQGXQUW DWe \GDWHHYV \LMANOZRHG O
+RORFHQH DJHV ZKHUHDV WKH 7/ VDPSOHV \LHOGHG D GDWH RI a
SRVVLEOH WR PDNH FRUUHODWLRQV EHWZHHQ SUH +RORFHQH WR ¢
WKRVH IURP SUHYLRXV VWXGLHY EHFDXVH WKH FKURQRORJLF PRG'
KRZHYHU GRHV LQGLFDWH WKDW PXOWLSOH SUH +RORFHQH * SRV
\LHOGLQJ D UHFXUUHQFH LQWHUYDO Rl JUHDWHU WKDQ WKH \

/&, SBURMHFW 1R 6HSWHPEHU
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B00$5<' ,6&866,21 411.$*(%U7:((1 7+(3$-$5,79%$8/7 $1' 7+6&&)5&) $1°
*0) %6( 21(9(178&+5212/2*<' $7%

7KH FXUUHQW VHLVPLF VRXUFH PRGHO IRU WKH /$1/ 36+$% :RQJ HW
PRGHOV IRU WKH 3)6 WKH 3)6 PD\ UXSWXUH LQ LWV HQWLUHW\ RU
RULQ OLQNHG UXSWXUHV ZLWK WKH ()6 WR WKH QRUWK 6WUXFWX
WKH 5*5 DW WKH ODWLWXGH RI /$1/ DQG DV VXFK DSSHDUV WR EH
WKDW PD\ UXSWXUH WRJHWKHU LQ D VLQJOH HYHQW $V VKRZQ LQ )
WKH 3)6 UHDFKHV D PD[LPXP DW )ULMROHV &DQ\RQ DORQJ WKH F
VHSDUDWLRQ WDSHUV RIl ERWK WR WKH QRUWK DQG VRXWK T
GLVSODFHPHQW RQ D VWUXFWXUDOO\ OLQNHG IDXOW V\VWHP ORL
HYHQW HVWLPDWHY DW VLWHV RQ WKH *0) .HOVRQ HW DO DQ
MXVW D IHZ NLORPHWHUV WR WKH VRXWK Rl WKHVH VLWHV )LJXUH

8QIRUWXQDWHO\ WKH OLPLWHG SDOHRVHLVPLF GDWD RQ WKH *0)
SDOHRVHLVPLF GDWD RQ WKH 6&&) WR WKH QRUWK GR QRW SHUPL
WKH HQWLUH 3)6 DQG LWV UHODWLRQVKLS WR WKH ()6 )LJXUH

RI WKH 05( RQ WKH DQWLWKHWLF *0) DQG 5&) RXU SUHIHUUHG L
UXSWXUHG LQGHSHQGHQWO\ IURP WKH 3DMDULWR IDXOW GXULQJ
(2& 6LWH LV ODWH +RORFHQH LQ DJH +RZHYHU WKHUH DUH DO\
FRQVLGHU )LUVW WKHUH LV QR LQIRUPDWLRQ RQ WKH WLPLQJ F
DVVXPHG WKDW UXSWXUHV RQ WKH *0) DQG 5&) DUH DVVRFLDWHG
SRVVLEOH WKDW WKH 6&&) DQG 3DMDULWR IDXOWV UXSWXUHG WRJ
+RORFHQH UXSWXUH RQ WKH 5&) DQG *0) )LJXUH 7KLV PRGHO
IDXOWY SHQHWUDWH WKH HQWLUH ZLGWK Rl WKH VHLVPRJHQLF FU
$ VHFRQG DOWHUQDWLYH PRGHO LV WKDW WKH DQWLWKHWLF 5&) [
IHZ WKRXVDQG \HDUV ODWHU E\ UXSWXUH RI WKH 3DMDULWR ID)
FRQVLGHUV WKDW DOO RI WKH 3)6 IDXOWV UXSWXUH WRJBWKHU LQ
DJH FRQVWUDLQWY RQ WKH 05( IRU WKH *0) DQG 5&) DUH IURP U}
5HJLRQDO IDXOW OLQNDJH XQFHUWDLQWLHY DV QRWHG DERYH FDQ
GHYHORSPHQW Rl EHWWHU HDUWKTXDNH FKURQRORJLHV RQ WKH I
WR WKH QRUWK
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9.0 CONCLUSIONS

5HVXOWYV IURP WKLY SDOHRVHLVPLF VWXG\ VLIQLILFDQWO\ UHGXFt
+RORFHQH VXUIDFH IDXOWLQJ HDUWKTXDNHY RQ WKH 3DMDULWR
LOWHUSUHWDWLRQVY RQ UHFXUUHQFH DQG VXUIDFH UXSWXUH PRGHI
DQG 6&&) ,Q WKH VXPPDU\ EHORZ ZH GLVFXVV WKH +RORFHQF
SDOHRVHLVPLF VWXG\ RQ WKH 3DMDULWR IDXOW DQG RQ WKH ODL
VWXGLHY WR DGGUHVY UHPDLQLQJ VLIQLILFDQW LVVXHV UHJDUG
PRGHOV IRU WKH JUHDWHU 3)6 :H SUHVHQW D SUHIHUUHG LQWHUS
LOWHUSUHWDWLRQ V DQG WKH UDQJH RI SRVVLEOH LOWHUSUHWD
HDUWKTXDNHV RQ WKH 3DMDULWR IDXOW DQG 3)6

#/28&(1(&+5212/2*< 21 7+3%$-$5,79%$8/7

3UHIHUUHG ,QWHUSUHWDWLRQ * $ VLQJOH +BDR®FRQHLMFHR W WG
ZHUH SHUIRUPHG DW WZR VLWHV RQ WKH SULPDU\ VWUDQGV RI WK
VLWHQRQWLWKHWLF IDXOW GLUHFWO\ HDVW RI WKH SULPDU\ WUDF
WKH SULPDU\ VWUDQGVY Rl WKH 3DMDULWR IDXOW GRFXPHQW ZL\
+RORFHQH VXUIDFH IDXOWLQJ HDUWKTXDNH DV \RXQJHU WKDQ a

DQG 7KH SUHIHUUHG LQW H U SHUHOWIRWLRES RU G B WR UUR P BW\L
+RORFHQH HYHQW DW DOO WKUHH VLWHV 7KHVH UHVXOWYV DUH FI
SHUIRUPHG RQ WKH 3DMDULWR IDXOW E\ OF&DOSLQ WKDW DOV
6LWH D 7DEQMIHQWHUSUHWDWLRQ RI WKLHNV®5 ( 5BV HADKKH H(\& &D O
DOVR VXSSRUWV D VLQJOH ODWH +RORFHQH HYHQW

$OWHUQDWLYH ,QWHUSUHWDWLRQ + 7ZR +R GRIFKXKQ@N WYY HQ R \RRD W
VWXG\ LQWHJUDWHG ZLWK WKH UHVXOWYV IURP HDUOLHU SDOHRVHL
IRU DQ HDUO\ +RORFHQH RU ODWHVW 30HLVWRFHQH HYHQW RQ WK

DQG YRU H[DPSOH WKH (2& VLWH PD\ KDYH UHFRUGHG DQ
5HQHDX HW DO DQG WKH SHQXOWLPDWH HYHQW DW B6LWH &
3OHLVWRFHQH WR HDUO\ +RORFHQH 7KXV DQ DOWHUQDWLYH PRC
HDUWKTXDNHV KDYH RFFXUUHG RQ WKH SULPDU\ 3DMDULWR IDXOW

5DQJH RI QWHUSUHWDWLRQV+* 8S WR WKUHH +RURAHQBIQUHHQWV
DOWHUQDWLYH LQWHUSUHWDWLRQV RI WKH SDOHRVHLVPLF UHVXC
WKH 3DMDULWR IDXOW DQG 6LWH $ RQ WKH DQWLWKHWLF IDXOW
SDMDULWR IDXOW )LJXUH JRU HI[DPSOH WKH GDWHG ODWH +F
SULPDU\ SDMDULWR IDXOW ND DQG ND UHVSHFWLYHO\ FD
+RORFHQH HYHQWY HDFK UXSWXULQJ D GLVWLQFW VHSDUDWH VH|
SUR[LPLW\ RI WKH VLWHV RQO\ D IHZ NLORPHWHUV DSDUW ZH JI
FRQILGHQFH LQ EHLQJ FRUUHFW H J VRPH H[SHUWYV PD\ FRQVL!

GHIHQVLEOH ‘H DFNQRZOHGJH KRZHYHU WKLY DOWHUQDWLYH L
RQ DYDLODEOH GDWD 6LWH $ RQ WKH DQWLWKHWLF IDXOW GREFXI
26/ GDWD DW OHVV WKDQ DERXW ND )LJIJXUH 7KLY HYHQW LV
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REVHUYHG RQ WKH SULPDU\ SDMDULWR IDXOW DV GHVFULEHG DEF
PD\ UHSUHVHQW D PLG +RORFHQH SULPDU\ RU VHFRQGDU\ GLVSO
VXUIDFH IDXOWLQJ HDUWKTXDNH GRFXPHQWHG DW WKH (2& VLWH
*0) DQG 5&) WR WKH QRUWK )LJXUH 7KLV ZRXOG VXJIJHVW WKD!
HYHQW RQ WKH *0) DQG 5&) PD\ KDYH HIWHQGHG RQWR WKH 3DMDL
E\ PLQRU GLVSODFHPHQW RQ WKH DQWLWKHWLF IDXOW DW 6LWH $
ORZ FRQILGHQFH RI EHLQJ FRUUHFW EDVHG RQ WKH DEVHQFH RI V
WKH 3IDMDULWR IDXOW DOWKRXJK LW FDQQRW EH UHMHFWHG EDVI

#2/28&(1(&+5212/2*< 21 7+(17,5(3%$-$5,72%$8/76<67(0
S3UHIHUUHG  QWHUSUHWDWLRQLYVWAR) 3 FORHHRYH HWYRHFWAWDL WD VKR Z \

IDXOW UXSWXUHG GXULQJ WKH ODWH +RORFHQH L H W R N
*0) DQG 5&) GLG QRW DQG FRQYHUVHO\ WKH *0) DQG 5&) UXSWXU
WR ND ZKLOH WKH 3DMDULWR IDXOW GLG QRW )LJXUH 7K

GXULQJ WKH ODVW UXSWXUH F\FOH WKHVH WZR SDUWV RI WKH
+RORFHQH HYHQWYV

$OWHUQDWLYH ,QWHUSUHWDW SRQDO WHR @BWR FH QH WHHGWNW DW L
+RORFHQH HYHQW RQ WKH *0) DQG 5&) WKDW DOVR SURGXFHG VO
3DMDULWR |(2%€0 W6 DWHWXPG SRVVLEO\ 6LWH $ DQG D VHSDUDWH O
PDLQ WUDFH RI WKH 3DMDULWR IDXOW )LJXUH 7KLV PRGHO DV
5&) DUH WKH VDPH HYHQW QRW WZR HYHQWYV

5DQJH RI ,QWHUSUHWDWLRQV+ J)URP RQH WRS$IRWX KRMIBRFH & B YHY KD
FRQILGHQFH LQ WKH REVHUYDWLRQ RI D GLVWLQFW +RORFHQH SI
DORQJ WKH 3)6 WKH DYDLODEOH DJH FRQVWUDLQWYV IRU WKHVH

HYHQW DJHV DQG FRUUHODWLRQV )RU H[DPSOH DJH FRQVWUDLQYV
QRW RYHUODS ZKLFK DOORZV IRU WKH LQWHUSUHWDWLRQ IRU W
PLQLPXP OLPLWLQJ DJH IRU WKH 05( DW WKH *XDMH 3LQHV VLWH L\

05( DW &DEUD &DQ\RQ B6LWH LV ND ,Q WKLV *® HYHQW  LQWHUS
RFFXUUHG RQ WKH 5&) D PLG +RORFHQH HYHQW RFFXUUHG RQ WK
RFFXUUHG RQ WKH 3DMDULWR IDXOW )LJXUH 7KH HDUO\ +R(

FRUUHODWH ZLWK WKH ODWHVW 30HLVWRFHQH WR HDUO\ +RORFHC
WKH 3DMDULWR IDXOW DQG WKH PLG +RORFHQH HYHQW RQ WKH *C
RQ WKH DQWLWKHWLF IDXOWV DW 6LWHV $ DQG (2& RQ WKH 3DMEL
ZH LQFOXGH XQFHUWDLQW)\ LQ WKH DJH FRQVWUDLQWYV IRU WKH OT
& ZKLFK DOORZV IRU WKH LQWHUSUHWDWLRQ Rl WZR VHSDUDWH ¢
$ VHSDUDWH DOWHUQDWLYH ZLWKLQ WKH UDQJH RI DOWHUQDWLY|
HYHQW RQ WKH 3)6 7KLV 3 HYHQW LQWHUSUHWDWLRQ UHOLHV RQ
+RORFHQH HYHQW LQ DQ\ VLQJOH WUHQFK DV HYLGHQFH DJDLQVW
DQG DVVXPHV WKDW WKH OLPLWHG DYDLODEOH JHRFKURQRORJ\ G
VHSDUDWH HYHQWYV ZLWKLQ WKH +RORFHQH 7KLV LQWHUSUHWDW
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6LWHV & D DQG &DEUD &DQ\RQDJIKIINYHQPROWR@ROBRJILF RUGHU
EHFDXVH RI WKH SRWHQWLDO IRU&RRPEBHRVXPOD\" HU URXQ JHH RW RH
WKH VWUDWLJUDSKLF XQLW FRQWDLQLQJ WKH VDPSOH WKLV DO
EDVHG RQ WKH DYDLODEOH GDWD

/&, SBURMHFW 1R 6HSWHPEHU



IXJ

10.0 INSIGHTS

%YHORZ ZH GLVFXVV VHYHUDO NH\ LQVLJKWYV IURP WKH UHVXOWYV
GLVFXVVLRQ RI WKH UHFXUUHQFH PRGHOV VXUIDFH UXSWXUH P|
VWXGLHV

5 &855(1&(,17(59%$/02'(/6 )25 7+(3%$-$5,79$8/76<67(0

7KH 3)6 LQFOXGHV IURP VRXWK WR QRUWK WKH 3DMDULWR *XDMH
&ODUD &DQ\RQ IDXOWV DQG RWKHU VPDOOHU IDXOWV ZLWKLQ
SBDOHRVHLVPLF VWXGLHV RQ WKH 3)6 KDYH IRFXVHG RQ XQGHUVW
HDUWKTXDNHV RQ WKH 3DMDULWR IDXOW DQG WR D OHVVHU H[W
&DQ\RQ IDXOWV )LJIXUH 1R GHWDLOHG SDOHRVHLVPLF VWXGLF
RU WKH 6DQWD &0ODUD (PEXGR IDXOW VA\VWHP IDUWKHU WR WKH QF
ODWWHU IDXOWYV LV XQNQRZQ DQG UXSWXUH PRGHOV LQYRNLQJ U
UXSWXUH ZLWK WKH 6DQWD &ODUD (PEXGR IDXOW VA\VWHP DUH ECLC
UHODWLRQVKLSYV ZLWKLQ WKH 5LR *UDQGH 5LIW DQG VHFRQGDI
4XDWHUQDU\ JHRORJLF PDSSLQJ .RQLQJ HW DO ‘RQJ HW DO

*LYHQ DSSUR[LPDWHO\ PHWHUV RI YHUWLFDO VHSDUDWLRQ RI
3)6 WKH HVWLPDWHG ORQJ WHUP VOLS UDWH DFURVV WKH IDXOW
‘RQJ HW DO GHSHQGLQJ RQ WKH GLS RI WKH IDXOW DQG LQF
| ZH DVVXPH WKDRHIOBEOWHL @ X HIDUWKTXDNHV RI HQJLQHHULQJ VLJC
! SURGXFH FRVHLVPLF GLVSODFHPHQWY DW GHSWK RQ WKH RUC
UHFXUUHQFH LQWHUYDO RQ WKH RUGHU RI WR \HDUV LV L

%DVHG RQ WKH SDOHRVHLVPLF UHVXOWY IURP WKLV VWXG\ ZH RI
IDXOWLQJ HYHQWYV RQ WKH 3IDMDULWR IDXOW VLQFH GHSRVLWLRQ
REVHUYHG ODWH +RORFHQH HYHQW DW HDFK VLWH )LJXUH 7D
6LWH & LV PRUH FRQWLQXRXV DQG FRPSOHWH UHODWLYH WR WKH '
GLIITHUHQFH LQ QXPEHU RI UHFRJQL]J]HG SRVW (O &DMHWH HYHQWYV
DW 6LWH % +RZHYHU LW VKRXOG EH QRWHG WKDW ERWK 6LWHV %
ZLWK HSLVRGLF GHSRVLWLRQ VHSDUDWHG E\ SHULRGV RI ODQGVFI

DQG WKXV ERWK RI WKHVH VLWHV KDYH PLVVLQJ VWUDWLJU
SDOHRHDUWKTXDNHYV

*LYHQ WKH XQFHUWDLQW\ LQ WKH VWUDWLJUDSKLF UHFRUG DW 6L
WKDW DW OHDVW IRXU SRVW (O &DMHWH VXUIDFH IDXOWLQJ HDUW
7TDEOH 7KLV ZRXOG LPSO\ D UHFXUUHQFH LQWHUYDO RI DSS
ZKLFK LV FRQVLVWHQW ZLWK HLWKHU D WLPH GHSHQGHQW RU 3RL"

7KH UDQJH RI XQFHUWDLQW\ LQ WKH UHFXUUHQFH PRGHO LQFR!
LQWHUSUHWDWLRQV IURP RXU SDOHRVHLVPLF VWXG\ DV ZHOO D
VWXGLHVY RQ WKH *XDMH ORXQWDLQ DQG 5HQGLMD &DQ\RQ IDXOWYV
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WKH UHVXOWV IURP RXU 3DMDULWR IDXOW WUHQFK VLWHV VXSS
UHFXUUHQFH PRGHO D FOXVWHUHG UHFXUUHQFH PRGHO FDQQR
VWUDWLJUDSKLF UHFRUG DW HDFK VLWH DQG UHOLDQFH RQ XQ
GHSRVLWV )RU H[DPSOH JLYHQ WKH SRRU ODWH 30HLVWRFHQH
6LWH & LW LV SRVVLEOH WKDW WKH RU SRVW (O &DMHWH HYHQ
+RORFHQH VWUDWLJUDSKLF UHFRUG DW 6LWHV % DQG & DV ZHOC
DSSHDU WR SUHFOXGH VXFK FOXVWHUHG EHKDYLRU H[WHQGLQJ L
LQFOXGHV WKH HDUO\ WR PLG +RORFHQH HYHQWY RQ WKH *XDMH
LQFOXGLQJ SRVVLEOH PLG +RORFHQH UXSWXUH Rl WKH VPDOO DQ
SRVVLEOH WKDW DQG SRVVLEO\ +RORFHQH HYHQWYV KDYH RFFX
WKH UDQJH RI XQFHUWDLQW\

$GGLWLRQDO XQFHUWDLQW\ WKDW UHTXLUHV DWWHQWLRQ LQ DVV
3)6 DQG VKRXOG EH LQFRUSRUDWHG LQ WKH *UDQJH” RI LQWHUSUH
ORQJ WHUP VOLS UDWH IRU WKH IDXOW V\WVWHP ,W LV SRVVLEOF
YDULDEOH VLQFH HUXSWLRQ RI WKH %DQGHOLHU 7XII ZLWK D KL.
HUXSWLRQ DQG FROODSVH RI WKH FDOGHUD ZLWK GLPLQLVKLQJ
UDWH ZRXOG LPSO\ ORQJHU UHFXUUHQFH LQWHUYDOV EHWZHHQ
GLVSODFHPHQWY GXULQJ HDFK HYHQW 2EVHUYHG GLVSODFHPHQW
$ DQG % DUH RQ WKH RUGHU RI D IHZ WHQV RI FHQWLPHWHUV DQG
E\ ODUJH HDUWKTXDNHVY L H !0 +RZHYHU WKH VWUXFWXUDO
VFDUS DORQJ WKH 3DMDULWR IDXOW JHQHUDOO\ SUHFOXGHV UHOL
VXUIDFH WUHQFK H[SRVXUHYV

B5)$&(583785(02'(/6 )25 7+(3%$-$5,72%$8/76<67(0

7KH 3)6 LV LQWHUSUHWHG WR EH DQ HDVW GLSSLQJ SULPDU\ VWU
WKH 5LR *UDQGH 5LIW DW WKH ODWLWXGH RI /RV $ODPRV )LJXUH
NLORPHWHUV RI RYHUDOO GLVSODFHPHQW VLQFH WKH OLRFHQH *
WKDW LQGLYLGXDO IDXOWV ZLWKLQ WKH IDXOW VA\VWHP LQFOXGL
DUH NLQHPDWLFDOO\ OLQNHG DQG FDQ UXSWXUH WRJHWKHU LQ C
GXULQJ VPDOOHU HDUWKTXDNHY ZKLOH FRQVHUYLQJ DQ RYHUDO
PP \U IRU WKH HQWLUH IDXOW V\VWHP

([LVWLQJ SDOHRVHLVPLF GDWD VKRZ WKDW WKH 3DMDULWR IDXOW

WR ND ZKLOH WKH *XDMH ORXQWDLQ DQG 5HQGLMD &DQ\RQ |
*XDMH ORXQWDLQ DQG 5HQGLMD &DQ\RQ IDXOWV UXSWXUHG LQ Wtk
ND ZKLOH WKH 3DMDULWR IDXOW GLG QRW )LJXUH 7TKXV RXI
WKH ODVW UXSWXUH F\FOH WKHVH WZR SDUWYV RI WKH IDXOW V\VW
RI SRVW (O &DMHWH 30HLVWRFHQH HDUWKTXDNHV LV QRW VXIILFL
WKHVH WZR IDXOW VHFWLRQYVY L H WKH 3DMDULWR IDXOW DQG WK
UHVSHFWLYHO\ GXULQJ DQ\ RQH HDUWKTXDNH DOWKRXJK VXFK
DYDLODEOH GDWD
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8QIRUWXQDWHO\ SDOHRVHLVPLF GDWD DUH QRW DYDLODEOH R
SDUWLFLSDWLRQ RI WKLV VHFWLRQ RI WKH 3)6 LQ DQ\ UXSWXUH |
UXSWXUH RQ WKH 3DMDULWR IDXOW E\SDVVHV WKH LQWHUYHQLQ
&DQ\RQ IDXOWV DQG HIWHQGYV RQWR WKH 6&&) RU LI LQGLYLGXDC
5HQGLMD &DQ\RQ IDXOWYV H[WHQG RQWR WKH 6&&) WKH 3DMDULWRF

$Q DOWHUQDWLYH UXSWXUH PRGHO WKDW LV ZLWKLQ WKH UDQJH
DQ HQWLUHO\ VHSDUDWH UXSWXUH VRXUFH L H VHLVPLF VRXUF
VHSDUDWH IURP WKH *XDMH ORXQWDLQ 5HQGLMD &DQ\RQ DQG 6&¢
PRGHO WKH 6&&) UHSUHVHQWY WKH VRXWKHUQ FRQWLQXDWLRQ R
D SKRUVHWDLO Rl IDXOWY UHSUHVHQWHG E\ WKH ZHVW GLSSLQJ *
RWKHU IDXOWV )LJXUH 7KH 3DMDULWR IDXOW VLPLODUO\ 3KR
IDXOWLQJ 7KH WZR IDXOW VA\WWHPV KDYH QRW \HW VWUXFWXUDO
VIVWHP DQG DUH VHSDUDWHG DW WKH JURXQG VXUIDFH E\' WR N
H[WHQG DFURVV WKLV 3VWHSRYHU" LV XQFHUWDLQ

&200(1'$7,216

"KHQ WKH 3KDVH UHVXOWY Rl WKH HDUWKTXDNH WLPLQJ LQIR
SDOHRVHLVPLF GDWD FROOHFWHG RQ WKH QRUWKHUQ SDUW RI

ORXQWDLQ 5HQGLMD &DQ\RQ DQG 6DQWD &0ODUD &DQ\RQ IDXOWV

VWUXFWXUDO ERXQGDU\ DORQJ WKH QRUWK FHQWUDO SDUW RI W
GLIIHUHQFH LQ SDOHRVHLVPLF UHFRUGY DORQJ WKH 3)6 LV GXH W
RI WKH 3DMDULWR IDXOW RU LV GXH WR OLPLWDWLRQV ZLWK H[LV
H[LVWLQJ SDOHRVHLVPLF UHFRUG DQG WR WHVW VRPH Rl WKH DO\
UHSRUW VHYHUDO OLQHV RI DGGLWLRQDO UHVHDUFK DUH UHFRPP

3DOHRVHLVPLF VWXG\ RQ WKH 6DQWD K[SIOID GPQ®@\RQ 6@ KOYWRE

DOWHUQDWLYH UXSWXUH PRGHO ZLWKLQ WKH UDQJH RI LQWHU!
HQWLUHO\ VHSDUDWH UXSWXUH VRXUFH L H VHLVPLF VRXUFH
VHSDUDWH IURP WKH *XDMH ORXQWDLQ 5HQGLMD &DQ\RQ DQG
QRUWK 8QIRUWXQDWHO\ SDOHRVHLVPLF GDWD DUH QRW DYDLO
SDUWLFLSDWLRQ RI WKLV VHFWLRQ RI WKH 3)6 LQ DQ\ UXSWXUH
3DMDULWR IDXOW E\SDVVHV WKH LQWHUYHQLQJ DQWLWKHWLF *X
DQG H[WHQGV RQWR WKH 6&&) RU LI LQGLYLGXDO UXSWXUHV R
&DQ\RQ IDXOWV H[WHQG RQWR WKH 6&&) RU ERWK

/L'$5 DQDO\VLV DQG JHRORJLF JHRPRUSKLF PDSSLQJ RQ WKH 686
SRVVLEOH IDXOW OLQNDJHV EHWZHHQ WKH 6&&) DQG WKH *XDN
DQWLWKHWLF IDXOWYV DQG RU WR WKH 3DMDULWR IDXOW )LJXL
PDSSLQJ DQG JHRPRUSKLF DQDO\VLV FDQ EH XVHG WR LGHQWLI\
WR GRFXPHQW WKH QXPEHU DQG WLPLQJ RQ +RORFHQH HYHQW
+RORFHQH FKURQRORJ\ DQG UXSWXUH PRGHO IRU WKH HQWLUH
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GLIILFXOW\ LQ QHJRWLDWLQJ ODQG DFFHVV RQ QDWLYH ODQGYV
JLIXUH

5SHH[FDYDWH SDOHRVHLVPLF WUHQFKHV RQ 5HQGLMD &DQ\RQ D
.HOVRQ HW DO *DUGQHUVAWL @IOSDOHR&HLVPLF GDWD VKRZ \
IDXOW UXSWXUHG GXULQJ WKH ODWH +RORFHQH L H WR
5HQGLMD &DQ\RQ IDXOWV GLG QRW DQG FRQYHUVHO\ WKH *XDM
UXSWXUHG LQ WKH PLG +RORFHQH DERXW WR ND ZKLOH WK
$OWKRXJK ZH KDYH KLJK FRQILGHQFH LQ WKH SDOHRVHLVPLF UF
SDOHRVHLVPLF REVHUYDWLRQ DQG DJH FRQWURO ZH KDYH OF
UHVXOWV RQ WKH *XDMH ORXQWDLQ DQG 5HQGLMD &DQ\RQ IDXOV
DQG DJH FRQWURO 'HYHORSLQJ EHWWHU VWUDWLJUDSKLF DJH F
KRUL]JRQ  IRU WKH 05( RQ WKH 5HQGLMD &DQ\RQ DQG *XDMH ORXGC
XQFHUWDLQW\ LQ DOWHUQDWLYH UXSWXUH PRGHOV IRU WKH 3)6
ORXQWDLQ DQG 5HQGLMD &DQ\RQ IDXOWV ZLWK WKH 3DMDULWR
&DQ\RQ IDXOW WR WKH QRUWK

/L'$5 DQDO\VLY DQG XSGDWHG JHRORJLF JHRPRUSKLF PDSSLQJ F
ORXQWDLQ DQG 5HQGLMD &DQ\RQ IDXOWV WR UH HYDOXDWH WKF
WKH 3DMDULWR DQG RU 6&&) )LIJXUH ,Q DGGLWLRQ WR EHW
ZLWK WKH +RORFHQH SDOHR HDUWKTXDNH UHFRUG ZH VXJJHVW
LQYHVWLIJDWLRQ DW WKH IRUPHU *XDMH 3LQHV &DEUD &DQ\RQ D
VLWHV WR REWDLQ DGGLWLRQDO DJH FRQWURO RQ WKH 05( DQG

5HHYDOXDWH WKH (2& SDOHRVHLVPLF VLWH HQMNQ IFBR X RKW OIRA \
LQIRUPDWLRQ FROOHFWHG DW 6LWHV % DQG & FRPELQHG ZLWK
ZLWK D KLIJK OHYHO RI FRQILGHQFH RQH ODWH +RORFHQH VXUID
UHQWHUSUHWDWLRQ RI WKMWB50 DWVRWKIBSR&YWYV D VLQIJOH ODWH +
LV XQFHUWDLQW\ UHJDUGLQJ WKH DJH RI WKLV HYHQW DW WKLYV
UDGLRFDUERQ GDWD IURP WKH (2& WUHQFKHV DQG 26/ GDWD IU]I
DQ DOWLWKHWLF IDXOW RI WKH 3DMDULWR IDXOW VXSSRUW D
DQWLWKHWLF IDXOWV UXSWXUHG VHSDUDWHO\ IURP WKH SULPD
SRVVLEO\ FRUUHODWLYH ZLWK WKH HDUO\ WR PLG +RORFHQH HY
&DQ\RQ IDXOWYV 7KLY DOWHUQDWLYH PRGHO ZRXOG VXSSRUW |
IDXOWLQJ HYHQWYV RQ WKH 3DMDULWR IDXOW $OWKRXJK ZH FRC
VXJIJHVW SHUIRUPLQJ D IRFXVHG WUHQFK WHVW SLW LQYHVWLJD
WKLY DOWHUQDWLYH LQWHUSUHWDWLRQ DQG LPBAERYMLWKH DJH

&RQGXFW DGGLWLRQDO SDOHRVHLVPLF VWXGLHV DORQJ WKH
DYDLODEOH JHRFKURQRO&RRQNLEWWDRWHWLWK WKH RYHUDOO LQ
RXWOLQHG LQ RXU H[LVAH.@XS/FREW BURRMMNGLQJ ZLWK WKH LQL
IRU D 3KDVH LQYHVWLIJDWLRQ DV SDUW RI WKH VHFRQG \HDU

/&, SBURMHFW 1R 6HSWHPEHU



IXJ

,QYHVWLIJDWLRQ" $V SDUW RI WKH LQLWLDO 3KDVH PDSSLQJ
RI WKH 3IDMDULWR IDXOW IURP +LJKZD\ WR NP VRXWK RI )UL
IDWLRQDO ORQXPHQW6HYHIUDHDO SRWHQWLDO 3KDVH WUHQFK VL
YLDEOH SDOHRVHLVPLF WUHQFK VLWHY ZKHUH VWUDWLJUDSKLF
FROOHFWLQJ HDUWKTXDNH FKURQRORJ\ DQG VOLS UDWH GDWD |

6LWHV 6LWHV + , / ( DQG . FRXOG EH FRQVLGHUHG LQ WKH
7TKHVH VLWHY FDQ EH XVHG WR LPSURYH RXU XQGHUVWDQGLQJ |
IDXOW FRQILUP WKH ODWH +RORFHQH HYHQW PRGHO WHVW HJ[L
RI WKH 3IDMDULWR IDXOW DQG ODVWO\ SURYLGH LQIRUPDWLRQ
FROOHFWHG GDWD

)XUWKHU &RQVLGHUDWLRQ RI 3KDVH5HM®PLWY WMV EREFWKEDNED GD W
WKH 3KDVH VLWHYV DUH GLIILFX® W HVEK QUMF R QF WDKHH Z3 KADKV BV K H/
3DOHRVHLVPLF 7HDP JDYH VWURQD GURPHWHQFHGW R MWKRYHU WKF
GDWHV EHFDXVH RI LQFRQVLVWHQW UHVXOWY $GGLWLRQDO HY!
DOWHUQDWLYH +RORFHQH HYHQW FKURQRORJ\ IRU FRPSDULVRC
EDVHG SULPDUIBOGRWHWKSIUHVHQWHG KHUHLQ )XUWKHU OXPLQF
FRXOG EH SHUIRUPHG RQ VDPSOHV FROOHFWHG DV SDUW RI WKL
)RU H[DPSOH VLQJOH JUDLQ OXPLQHVFHQFH GDWLQJ ,65/ RI
WHFKQLTXH WKDW PD\ SURYLGH PRUH & RQWH\W B QMV H B WHEBWHK/H
UHGXFH XQFHUWDLQW)\ LQ WKH +RORFHQH FKURQRORJ\ RI HYHQV

JXUWKHU (YDRIXBYSLBQLS s5DWHOUG VFDOHV GLUHFWO\ ZLWK VO
VLIQLILFDQW SDUDPHWHU LQ D VHLVPLF KD]DUG HYDOXDWLRQ

KLIKO\ XQFHUWDLQW\ DQG LV EDVHG SULPDU\ RQ WKH DVVXPSW
EHHQ FRQVWDQW WKURXJK WLPH ,Q DGGLWLRQ VOLS UDWH PD
IDXOW VHFWLRQ ZLWKLQ WKH 3)6 OHDGLQJ WR LVVXHV RI PRP
UXSWXUHV 7KHVH WZR LVVXHV PD\ EH WKH PRVW KD]DUG VLJQLII
HYDOXDWLRQV 6XIILFLHQW GDWD PD\ EH DYDLODEOH RU FRXO
GLPLQLVKLQJ VOLS UDWH WKURXJK WLPH DQG YDULDEOH VOLS U

6HQVLWLYLW\+t$QDICRYVLWR WKH LQLWLDWLRQ RI DQ\ IXUWKHU ZF
SHUIRUPLQJ D VHQVLWLYLW\ DQDO\VLV WR HYDOXDWH WKH VLJIC
SDUDPHWHUV

X 7ZR UXSWXUH VRXUFH PRGHOV * RQH ZLWK IXO0O UXSWXUH RI
ZLWK VHSDUDWH UXSWXUH RI WKH 3DMDULWR IDXOW WR WKH
ORXQWDLQ DQG 6DQWD &0ODUD &DQ\RQ IDXOWV WR WKH QRUWK

X 7ZR UHFXUUHQFH PRGHOV IRU UXSWXUH RI WKH 3IDMDULWR ID:
D WLPH GHSHQGHQW UHFXUUHQFH PRGHO DVVXPLQJ DQ 05( RC
DQG 5HQGLMD &DQ\RQ IDXOWV XVLQJ H[LVWLQJ SDOHRVHLVPLI
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X ORGHO ' FUXVWDO VWUHVV FKDQJHV L H FRXORPE VWUHV)
DOWHUQDWH UXSWXUH VFHQDULRV WR DVVHVV WKH OLNHOLKF
SDMDULWR *XDMH ORXQWDLQ DQG 5HQGLMD &DQ\RQ IDXOWYV
KDV EHHQ XVHG D SDUW RI SUREDELOLVWLF VHLVPLF KD]DUG
DO
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11.0 REFERENCES

$FRFHOOD 9 ORUYLOOR 3 DQG )XQLFLHOOR 5 KDW FRQWUROV L
JRQHV" ,QVLIKWY IURP DQDORJXH PRGHOV -RXUQDO RI 6WUXFWXUDO *H

$LWNHQ O - $Q ,QWURGXFWLRQ WR 2SWLFDO 'DWLQJ 7KH 'DWLQJ R
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%URQN 5DPVH\ & %D\HVLDQ DQDO\VLYV RI UDGLRFDUERQ GDWHV 5D
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&DUWHU . ( DQG *DUGQHU -1 4AXDWHUQDU\ IDXOW NLQHPDWLFV LC
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&DUH\ : - DQG &ROH * '"HVFULSWLRQ RI WKH &HUUR *UDQGH IL UH (
$ODPRYV 1DWLRQDO /DERUDWRU\ 5HSRUW /$ 06 S
&URQH $ - DQG ODFKHWWH 0 1 3DOHRVHLVPLF DFWLYLW\ RQ WKH |

&RORUDGR *HRORJLFDO 6RFLHW\ RI $PHULFD $EVWUDFWYV ZLWK 3URJUD|

(EHUO\ 3 2 OF)DGGHQ /' DQG :DWW 30 (ROLDQ GXVW DV D IDF
3DMDULWR 30DWHDX /RV $ODPRV DUHD QRUWKHUQ 1HZ OH[LFR LQ *
OF)DGGHQ /6 DQG *DUGQHU -1 HGV -HPH] ORXQWDLQV 5HJLRQ 1F
WK $QQXDO )DOO )LHOG &RQIHUHQFH *XLGHERRN S

(OOHUWRQ ' BS5LWWHQRXU 7 OLRW GD 6LOYD * *RQW] $ 6KXOPHLVW
- /IDWH +RORFHQH FOLII WRS EORZRXW DFWLYDWLRQ DQG HYROX
HDVW 4XHHQVODQG $XVWUDOLD 7KH +RORFHQH SS

(I WHUQDO 5HYLHZ &RPPLWWHH (5& 5HSRUW RI WKH ([WHUQDO 5HYLF
5HYLHZ DQG (YDOXDWLRQ 3URMHFW 7DVN $ &RQVXOWLQJ UHSRUW SU
'"HFHPEHU S

JRUPDQ 6/ 3LHUVRQ - _.HSSHU . [ XPL@HY FHRAHIYHR FK URQROGIRIJ\L
5 /HWWLV HGV '‘DWLQJ DQG (DUWKTXDNH 5HYLHZ RI 4XDWHUQDU\ *
B3BDOHRVHLVPRORJ\ 1XFOHDU 5HIJXODWRU\ &RPPLVVLRQ 185(* &5 S

*DUGQHU -1 DQG *RII ) SRWDVVLXP DUJRQ GDWHV IURP WKH -HPI
WHFWRQLF DFWLYLW\ LQ WKH QRUWK FHQWUDO 5LR *UDQGH ULIW 1HZ O

*DUGQHU -1 /DYLQH $ :ROGH*DEULHO * DQG 9DQLPDQ ' +LJIK
HYDOXDWH WKH SRWHQWLDO IRU VHLVPLF VXUIDFH UXSWXUH DW 7% I
1IDWLRQDO /DERUDWRU\WBHSRIW /$

*DUGQHU -1 /DYLQH $ :ROGH*DEULHO * . ULHU ' 9DQLPDQ ' &DSR
.OXFEN ( DQG 6QRZ - - 6WUXFWXUDO JHRORJ\ RI WKH QRUWKZHV\
IDERUDWRU\ 5LR *UDQGH ULIW 1HZ OH[LFR ,PSOLFDWLRQV IRU VHLVPL
7% IRV $ODPRV 1DWLRQDO /DERUDWRU\ 5HSRUW /$ 06 S

*DUGQHU -1 5HQHDX 6 / .ULHU ' /DYLQH $ J/HZLV & 5 ROGH*DEU
*HRORJ\ RI WKH 3DMDULWR IDXOW ]JRQH LQ WKH YLFLQLW\ RI 6 6LWH 7
$ODPRV 1DWLRQDO /DERUDWRU\N 5HSRUW /% 06 S ZLWK VFDO

*DUGQHU -1 B5HQHDX 6/ /DYLQH $ /HZLV & - .DW]PDQ ' OF'RQDC
, DQG :LOVRQ & 3DOHRVHLVPLF WUHQFKLQJ LQ WKH *XDMH ORXQ
5LR *UDQGH ULIW 1HZ OH[LFR /RV $ODPRV 1DWLR&®DO SDERWRW BO\DWHSE\R

*DUGQHU -1 /DYLQH $ /HZLV & - DQG 5HQHDX 6 / 5HYLHZ DQG
HYHQW FKURQRORJ\ IURP WKH 3DMDULWR IDXOW V\VWHP /RV $ODPRV 1D
ILJXUHV DQG WDEOHYV 'UDIW PDQXVFULSW LQ UHYLHZ

*DUGQHU -1 6DQGRYDO 00 *RIl ) 3KLOOLSV ( DQG 'LFNHQV $
PRDW UK\ROLWH FHQWHU 9DOOHV &DQGHBDRIMRIOWKWRHBE] 5HIJLRQ ,,
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% 6 .HOOH\ 6 $ /XHWK 9 : >HGV @ 1HZ OH[LFR *HRORJLFDO 6RFLHW\
*XLGHERRN S

*DUGQHU -1 *RII ) .HOOH\ 6 -DFREV ( 5K\ROLWHYV DQG DVVRFL
FDOGHUD FRPSOH[ 1HZ OH[LFR *HRORJ\ Y QR S
*LYOHU 5 : ODGLQ , :LWWHU 5 & 4XDWHUQDU\ *HRORJLF DQG *HR

$QIJHO )DXOW XVLQJ +LIJK 5HVROXWLRQ /L'$5 GDWD DEWVWRIOW®RQLADLDDP
6RFLHW\ RI $PHULFD $QQXDO OHHWLQJ $EVWUDFWV ZLWK 3URJUDPV 9RC

*LYOHU 5 : %DOGZLQ - .QXGVHQ . 6WUXFWXUDO &KDUDFWH
, QYHVWLIJDWLRQ RI WKH VRXWKHUQPRVW 5RGJHUV &UHHN )DXOW 1RU
THFKQLFDO 5HSRUW IRU 86*6 1(+53 $ZDUG 1R * $3 DYDLO
KWWS HDUWKTXDNH XVJV JRY UHVHDUFK H[WHUQDO UHSRUWYV * $3

*LYOHU 5 : DQG %DOGZLQ - 3LORW 3DOHRVHLVPLF ,QYHVWLJIDWLF
)DXOW 1RUWKHUQ 6DQ 3DEOR %D\ &DOLIRUQLD )LQDO 7HFKQLFDO 5
* $3 RQ OLOWWIW HDUWKTXDNH XVJV JRY FIXVLRQ HIWHUQDOBJUD!
*RIl ) *DUGQHU -1 DQG 9DOHQWLQH * *HRORJ\ RI 6W 3HWHU V 'F

OH[LFR 1HZ OH[LFR %XUHDX RI OLQHVY DQG OLQHUDO 5HVRXUFHYV

*RIT ) *DUGQHU -1 5HQHDX 6 / UHY 'HF *HRORJ\ RI WKH
$ODPRVY 6DQGRYDO DQG 6DQWD )H1ERXOHWILAR/ %XHIHDH[RFRHRORJ\ DQG
5HVRXUFHV 2) MFDOH

*UDXFK 9 -6 %DXHU 3: 'UHQWK % - DQG .HOVRQ ., $ VKLIWLQ
WKH HYROXWLRQ RI 5LR *UDQGH ULIW PDUJLQV DQG WKH (PEXGR WU
*HRVSKHUH Ss

+DZOH\ - : 3K\WLRJUDSKLF SURYLQFHV DQG ODQGIRUPV RI 1HZ OH
OH[LFR LQ ODSV $OEXTXHUTXH 7KH 8QLYHUVLWX@®WOHZ 0H[LFRG3 UDHPRW B
0 BELTXLW\ RI DQRPDORXV IDGLQJ LQ . IHOGVSDUV DQG WKH PHDVX

GDWEBQDDGLDQ -RXUQDO RI (DUWIS 6FLHQFHYV

,JJHWW *$ DQG 2EUDGRYLFK - $U $U DIJH FRQVWUDLQWYV IRU W
WKH ODWX\DPD %UXQKHYV JHRPDJQHWLF ERXQGDU\ -RXUQDO RI *HRSK\V|
GRL -%

-DFRE\ * & '"HQGURERURQRROARIUY - 6 1ROOHU DQG : 5 /HWWLV H
(DUWKTXDNH B5HYLHZ RI 4XDWHUQDU\ *HRFKURQRORJ\ DQG ,WV $SSOL
5HIXODWRU\ &RPPLVVLRQ 185(* &5 S WR

.HOOHU *5 DQG &DWKHU 6 0L® 5 .HOMHRGHOWLRQ &DWKHU HGV %DV
*UDQGH 5LIW 6WUXFWXUH 6WUDWLJUDSK\ DQG 7HFWRQLF 6HWWLQJ *Ft

S
.HOVRQ ., +HPSKLOO +DOH\ 0$ 20LJ 66 6LPSVRQ *' *DUGQHU -
YRUPDQ 6/ DQG :RQJ , * /IDWH 30HLVWRFHQH DQG SRVVLEOH +R

5HQGLMD &DQ\RQ IDXOW /RV $ODPRV &RXQW\ 1HZ OH[LFR 1HZ OH[LFR *
S

/&, SBURMHFW 1R 6HSWHPEHU


http://earthquake.usgs.gov/research/external/reports/G09AP00072.pdf
https://earthquake.usgs.gov/cfusion/external_grants/reports/G13AP00036.pdf

IXJ

.HOVRQ ., %DXHU 3 : &RQQHOO 6 IRYH ' : 5DZ0LQJ * & DQG

SDOHRVHLVPLF DQG K\GURJHRORJLF DVVHVVPHQW RI WKH VRXWKHUQ 6T
VLWH 7DRV &RXQW\ 1HZ OH[LFR 1HZ OH[LFR *HRORJLFDO 6RFLHW\ *XL
*HRORJ\ RI WKH 7DRV 5HJLRQ S

.HOVRQ ., $PRV & % %DOGZLQ -1 6LPSVRQ '7 DQG 5RVH 5 6
.HUQ &DQ\RQ IDXOW XVLQJ /L'$5 GDWD IURP :DONHU %DVLQ WR WKH .1
FRXQWLHYV &% DEV 6HLVPRORJLFDO 5HVHDUFK /HWWHUYV

.HPSWHU . §% .HOOH\ 6 *DUGQHU - S5HQHDX ©6 %UR[WRQ *RII )
*HRORJ\ RI WKH *XDMH ORXQWDLQ PLQ TXDGUDQJOH /RV $ODPRV DQ
1HZ OH[LFR %XUHDX RI *HRORJ\ DQG OLQHUDO 5HVRXUFHV 2SHQ )LOH *

.RQLQJ ' DQG .HOOH\ 6 3KDVH *HRORJLF 0ODSSLQJ $ORQJ 3DMDULW
1HZ OH[LFR % XUHDX RI *HRORJ\ OLQHUDO 5HVRXUFHV 7THFKQLFDO OH
&ERQVXOWDQWY ,QWHUQDWLRQDO ,QF GDWHG -XQH S SODW

.RQLQJ ' - $E\ 6 % DQG 'XQEDU 1 OLGGOH XSSHU OLRFHQH VWUL
QRUWK FHQWUDO 1HZ OH[LFR 7HFWRQLF DQG SDOHRJUDSKLF LPSOLFD
*XLGHERRN Y S *

/RV $ODPRV 1DWLRQDO /DERUDWRU\ /$1/ 'LJLWDO (OHYDWLRQ ORG
FROOHFWHGURYLGHG E\ /$1/ RQ ODUFK E\5 .HOOH\ YLD HPDLO 3U
IHHW 1$'

/IDYLQH $ *DUGQHU -1 DQG 5HQHDX 6 / D 7RWDO VWDWLRQ JHROF
WR DQDO\]LQJ VXUIDFH IDXOWLQJ KD]DUGV (QJLQHHULQJ *HRORJ\ Y

IDYLQH $ J/HZLV & - .DWFKHU '. *DUGQHU -1 DQG :LOVRQ - E
WR QRUWKHDVWHUQ SRUWLRQ RI /RV $ODPRV 1DWLRQDO /DERUDWRU\ 1}
5HSRUW /$ 06 S ZLWK VFDOH JHRORJLF PDS

JHWWLV &RQVXOWDQWY ,QWHUQDWLRQDO ,QF /&, 3DMDULWR )DXO)\

WHFKQLFDO PHPRUDQGXP IRU /RV $ODPRV 1DWLRQDO /DERUDWRU\ /$1/

JHZLV & - /DYLQH $ 5HQHDX 6/ *DUGQHU -1 &KDQQHOO 5 DQG
WKH ZHVWHUQ SDUW RI /RV $ODPRV 1DWLRQDO /DERUDWRU\ 7% WR 7%
$ODPRV 1DWLRQDO /DERUDWRU\ 5HSRUW /$ 06 S ZLWK VFDO

JHZLV & - *DUGQHU -1 B6FKXOW] )HOOHQ] (6 /DYLQH $ G5HQHDX ¢
LOQWHUDFWLRQ DQG DORQJ VWULNH YDULDWLRQ LQ WKURZ LQ WKH 3DM]
*HRVSKHUH S

JLEE\ :) DQG -RKQVRQ ) 5DGLRFDUERQ GDWLQJ 9RO &KLFDJR

JLHQNDHPSHU - - G6LFNOHU 55 %URZQ - DQG %DOGZLQ -1 $ UHFRU
9DOOH\ IDXOW DW /RSHV 5DQFK IRU WKH 3DVW OLOOHQQLXP % X O
$PHULFD
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ODFKHWWH 0 1 7TKRPSVRQ 5 % ODUFKHWWL ' : DQG 6PLWK 5 6 8
$ODPRVD DQG LQWHJUDWLRQ RI WKH 5LR *UDQGHL@XWBGIMRIQWE H 3 MLRGE HQ
*UDXFK 9 - 6 HGV 1HZ BHUVSHFWLYHV RQ 5LR *UDQGH 5LIW %DVLQV
*HRORJLFDO 6RFLHW\ RI $PHULFD 6SHFLDO 3DSHU S £ GRL

OF&DOSLQ - 4XDWHUQDU\ JHRORJ\ DQG QHRWHFWRQLFV RI WKH ZHV)
ORXQWDLQV VRXWK FHQWUDO &RORUDGR &RORUDGR 6FKRRO RI OLQHV

OF&DOSLQ - 3 JUHTXHQF\ GLVWULEXWLRQ RI JHRORJLFDOO\ GHWHU
ZHVWHUQ 8 6 %XOOHWLQ RI WKH 6HLVPRORJLFDO 6RFLHW\ RI $PHULFD

OF&DOSLQ - 3 *HRPRUSKRORJ\ DQG VWUXFWXUH RI WKH 3IDMDULWR
IDERUDWRU\ 1HZ OH[LFR XQSXEOLVKHG UHSRUW SUHSDUHG IRU /RV $0OL
&RQVXOWLQJ ,QF (VWHV 3DUN &RORUDGR S

OF&DOSLQ - 3 /IDWH 4XDWHUQDU\ IDXOWLQJ RQ WKH 3DMDULWR
IDERUDWRU\ QRUWK FHQWUDO 1HZ OH[LFR 5HVXOWYVY IURP VHYHQ WUFE
XQSXEOLVKHG UHSRUW SUHSDUHG IRU /RV $ODPRV 1DWLRQDO /DERUDW
3DUN &RORUDGR S DQG DSSHQGLFHV

OF&DOSLQ - 3 /IDWH 4XDWHUQDU\ IDXOWLQJ RQ WKH 3DMDULWR
IDERUDWRU\ QRUWK FHQWUDO 1HZ OH[LFR 5HVXOWYVY IURP VHYHQ WUFE
XQSXEOLVKHG UHSRUW SUHSDUHG IRU /RV $ODPRV 1DWLRQDO /DERUDW
3DUN &RORUDGR S

OF&DOSLQ - 3 /IDWH 4XDWHUQDU\ DFWLYLW\ RI WKH 3IDMDULWR IDXO
86% 7THFWRQRSK\VLFV Y S

OF&DOSLQ 03 20LJ 66 +DUULVRQ - % - DQG %HUJHU * : AXDWL
RQ WKH &RXQW\ 'XPS IDXOW $OEXTXHUTXH 1HZ OH[LFR 1HZ OH[LFR %XU
S

OF'RQDOG (9 6RLO VWUDWLJUDSK\ DQG SHGRORJLF DJH HVWLP
LQYHVWLIDWLRQV 6XPPDU\ DQG LQWHUSUHWDWLRQ RI UHVXOWYV IURP )
/IRV $ODPRV 1DWLRQDO /DERUDWRU\ 6HLVPLF +D]DUG 3URJUDP S

OHQJHV & 0 D /DWH &HQR]RLF ULIW WHFWRQLFV DQG PRXQWDLQ IUF
ORXQWDLQV QHDU 7DRV 1RUWKHUQ 1HZ OH[LFR 1HZ OH[LFR *HRORJLFI
&RQIHUHQFH 1HZ OH[LFR S

OHQJHV & 0 E /DWH 4XDWHUQDU\ IDXOW VFDUSV PRXQWDLQ IURQW
VHIPHQWDWLRQ RQ WKH UDQJH ERXQGLQJ IDXOW ]JRQH 6DQJUH GH &U
.ULQLW]VN\ DQG ' % 60OHPPRQV HGV 1HRWHFWRQLFV LQ (DUWKTXDN
$PHULFD 5HYLHZV LQ (QJLQHHULQJ *HRORJ\ Y S

OXUUD\ $6 DQG 200H\ - 0 3UHFLVLRQ DQG DFFXUDF\ LQ WKH RSWLF
RI VHGLPHQWDU\ TXDUW] D VWDWXV UHYLHZ *HRFKURQRPHWULD +
OXUUD\ $ 6 DQG :LQWOH $ * IXPLQHVFHQFH GDWLQJ RI TXDUW] X\

UHJHQHUDWLYH GRVH SURWRFRO 5DGLDW OHDV
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oOXuub\ $6 DQG :LQWOH & * 7KH VLQJOH DOLTXRW UHJHQHUDW
LPSURYHPHQWY LQ UHOLDELOLW\ 5DGLDW OHDV

1XFOHDU 5HIXODWRU\ &RPPLVVLRQ 15& SUDFWLFDO ,PSOHPHQWDW.L
+D]DUG 6WXGLHV 185(* SHY 2I1lLFH RI 1XFOHDU 5HJXODWRU
.DPPHUHU $ 0 DQG $NH -3 SXEOLVKHG $SULO SS

20LJ 6 6 .HOVRQ . , *DUGQHU -1 5HQHDX 6 / DQG +HPSKLOO +D
SRWHQWLDO RI WKH 3DMDULWR IDXOW V\VWHP 1HZ OH[LFR 1HZ OH[LFR *

20LJ 6 6 (SSHV 0 & )RUPDQ 6/ J[/RYH ': DQG $OO0OHQ % ' /[DWH
WKH +XEEHOO 6SULQJ IDXOW V\VWHP 1HZ OH[LFR 86% (YLGHQFH IRU QR
IDXOWV LQ WKH 5LRFHBDRCGHFBOIV&EULWHULD IRU (YDOXDWLQJ 6HLVPLFLYV
B3BDOHRVHLVPLF ,QYHVWLJDWLRQV DQG WKH 1DWXUDO 5HFRUG RI 3DVW (
DQG OF&DOSLQ - 3 HGV *HRORJLFDO 6RFLHW\ RI $PHULFD 6SHFLDO :

SHWURQLV 0 6 3DOHRPDJQHWLF 5HVXOWYV IURP /$1/ SDMDULWR )DX
TUHQFKHV DQG 5HSRUW SUHSDUHG IRU /HWWLYV &RQVXOWDQWYV ,QWH

3KLOOLSV ( + ) *RIl 3 5 .\OH : & OF,QWRVK 1 : 'XQEDU DQG - 1 *
DJH FRQVWUDLQWY RQ WKH GXUDWLRQ RI UHVXUJHQFH DW WKH 9DOOHYV
% GRL -%

5HLPHU 3 - %DUG ( %D\OLVV $ %HFN - : %ODFNZHOO 3 * %U|
*XLOGHUVRQ 7 3 +DIOLGDVRQ + +DMGDV , +DWW & +HDWRQ 7 -

$ .DLVHU . ) .URPHU % O0DQQLQJ 6 : 1LX 0 5HLPHU 5 : 5LF
BRXWKRQ - 5 6WDIIl 5 $ 7XUQH\ & 6 0 , @@ DO®H U DI0A. FOKOW L Q H
5DGLRFDUERQ $JH &DOLEUDWLRQ &XUYHYV <HDUV FDO %3 5DGLRFI
5HQHDX 6 / 6WUHDP LQFLVLRQ DQG WHUUDFH GHYHORSPHQW LQ

ORQXPHQW 1HZ OH[LFR DQG WKH LQIOXHQFH RI OLWKRORJ\ DQG FOLPD
GRL 6 ; ;

5HQHDX 6/ *DUGQHU -1 /DYLQH $ OF'RQDOG (9 /HZLV & .DW]PD
' %HUJIHOG ' DQG +HLNRRS - 3DOHRVHLVPLF LQYHVWLJDWLRQ
/RV $ODPRV 1DWLRQDO /DERUDWRU\ 1HZ OH[LFR /RV $ODPRV 1DWLRQDO
S ZLWK IRXU SODWHYV

5KRGHV (- %URQN 5DPVH\ & 2XWUDP = %DWW & :LOOLV [/ 'RFNU
PHWKRGY DSSOLHG WR WKH LQWHUSUHWDWLRQ RI PXOWLSOH 26/ GDWH\
20G 6FDWQHVYV %YURFK H[FDYDWLRQV 6KHWODQG ,VOHV 4XDWHUQDU\ 6F

5KRGHV (- )DQQLQJ 3 & DQG +ROGDZD\ 6 - '"HYHORSPHQWV LQ RS
DJH FRQWURO IRU JHRDUFKDHRORJLFDO VHGLPHQWY DQG KHDUWKV L
4XDWHUQDU\ *HRFKURQRORJ\

6DQIRUG $ 5 /IlLQ . : 7vDL |, & DQG -DNVKD [/ + (DUWKTXDNH F
ERUGHULQJ DUHDV 1HZ OH[LFR %XUHDX RI OLQHVY DQG OLQHUDO
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6DQIRUG $ 5 -DNVKD / + DQG &DVK ' - BHLVPLFLW\ R) W KH 5LR *L
BOHPPRQV (5 (QJGDKO O0' =REDFN DQG '' %ODFNZHOO HGV 1HF
*HRORJLFDO 6RFLHW\ Rl $PHULFD 'HFDGH 0DS Y s

6FKDUHU .0 :HOGRQ 5 - )XPDO 5 %LDVL * 3 3DOHRHDUWKTXDN
)DXOW :ULJKWZRRG &DOLIRUQLD W R % & $ QHZ OHWKRG IRU (
DQG (DUWKTXDNH +RUL]JRQV %XOOHWLQ RI WKH 6HLVPRORJLFDO 6RFLH

$XIXVW GRL
BFKXOW] (6 /HZLV & - /DYLQH $ *DUGQHU -1 DQG 5HQHDX 6 /

IDXOWHG PRQRFOLQH 3DMDULWR IDXOW /RV $ODPR 1HZ OH[LFR *HROR
3URJUDPV Y S

6FKZDUW] ' J/LHQNDHPSHU - +HFNHU 6 .HOVRQ . )XPDO LIQ %DOGZ
%66% JLUVW 4XKOHUWBUWKTXDNH F\FOH LQ WKH 6DQ )UDQFLVFR %D\
%XOOHWLQ RI 6HLVPRORJLFDO 6RFLHW\ RI $PHULFD

BKDFNOHWRQ 1 - %HUJHU $ DQG 3HOWLHU : 5 $Q DOWHUQDWLY
30HLVWRFHQH WLPHVFDOH EDVHG RQ 2'3 6LWH (DUWK DQG HQYLURQF
VRFLHW\ RI (GLQEXUJK Ss

6ODWH -/ 6DUQD :RMFLFNL $0 :DQ ( .RQLQJ '- &RQQHOO 6
3HUNLQV 0 2FWREHU 8SSHU 1HRJHQH WHSKURFKURQRORJLF FRUL

5LIW 1HZ OH[LFR DQG VRXWKHUQ &RORUDGR ,Q *HRORJLFDO 6RFLHW\ RI

6LPSVRQ * ' %DOGZLQ -1 .HOVRQ . , /IHWWLYV : 5 /IDWH +RORI
KLVWRU\ IRU WKH QRUWKHUQ &DODYHUDV IDXOW DW :HOFK &UHHN HD
%XOOHWLQ RI 6HLVPRORJLFDO 6RFLHW\ RI $PHULFD Y S

6WHFN [/ . 7TKXUEHU & + JHKOHU 0 & IXWHU : - S5REHUW 3 0 %L
6HVVLRQV 5 &UXVW DQG XSSHU PDQWOH 3 ZDYH YHORFLW\ VWU)
OH[LFR 5HVXOWYV IURP WKH -HPH] WHOHVHVLPLF WRPRJUDSK\ H[SHULPH
9 1R % S

BWHLQ 5 6 (DUWKTXDNH &RQYHUVDWLRQV 6FLHQWLILF $PHULFDQ

7TRGD 6 56 6WHLQ 3 $ 5HDVHQEHUJ DQG - + 'LHWHULFK 6WUHVV WUL
VKRFN (IIHFW RQ DIWHUVKRFNV DQG IXWXUH HDUWKTXDNH SUREDELOLMW

7RGD 6 DQG 56 B6WHLQ 5HVSRQVH RI WKH 6DQ $QB U HDUW RKODN MAR W/
DSSOLFDWLRQ Rl LQWHUDFWLRQ EDVHG SUREDELOLWLHV IRU 3D
- %

TUXPERUH 6 ( 5DGLRFDUERQ OHRRKURYRORBI\IROOHU DQG : 5 /HW
'‘DWLQJ DQG (DUWKTXDNH 5HYLHZ RI 4XDWHUQDU\ *HRFKURQRORJ\ DQG
1XFOHDU 5HIXODWRU\ &RPPLVVLRQ 185(* &5 S WR

/&, SBURMHFW 1R 6HSWHPEHU



IXJ

8SGDWH 6WHHULQJ &RPPLWWHH 86& 5HSRUW RI WKH /$1/ 36+%
86& 3DMDULWR )DXOW 6\VWHP 3)6 ([WHUQDO 5HYLHZ BURMHFW VXEP
01 ILQDO UHSRUW GDWHG )HE UHY O0ODU

86 *HRORJLFDO 6XUYH\ 86*6 7KH 1DWLRQDO 0DS '(3 SURGXFWYV D

$UF 6HFRQG DQG $UF 6HFRQG 'LJLWDO (OHYDWLRQ ORGHO 7KH 1DV

86 *HRORJLFDO 6XUYH\ 86*6 86*6 1DWLRQDO (OHYDWLRQ 'DWDVH
KWWSVY FDWDORJ GDWD JRY GDWDVHW XVJV QDWLRQDO HOHYDWLRQ GL

YDQ :LMN - .RQLQJ ' $[HQ * &REOHQW] ' *UDJJ ( DQG 6LRQ %
DQDO\VLY DQG WKH OLRFHQH 30LRFHQH XQFRQIRUPLW\ LQ WKH 5LR *U
,PSOLFDWLRQV IRU PDQWOH XSZHOOLQJ DV D GULYLQJ IRUEH IRU ULIW F
GRL *(6

:HOOV ' |/ DQG &RSSHUVPLWK . - $QDO\WLYVY RI HPSLULFDO UHODMW
OHQIJWK UXSWXUH DUHD DQG VXUIDFH GLVSODFHPHQW %XOOHWLQ RI
S

:LWWHU 5 & *LYOHU 5 : DQG &DUVRQ 5 - 7ZR SRVW JODFLDO HDI
"HVW IDXOW VRXWKHDVWHUQ 20\PSLF 3HQLQVXOD :DVKLQJWRQ %XO
$PHULFD Y QR S

:ROIl - & JLHOG FKDUDFWHULVWLFV RI WKH (O &DMHWH SXPLFH GHS
UK\ROLWHV RI WKH 9DOOHYV FDOGHUD LQ *RII ) XHV % 5RJHUV O
7KH -HPH] ORXQWDLQV 5HIJLRQ 1HZ OH[LFR *HRORJLFDO 6RFLHW\ ,Q W

‘RQJ , .HOVRQ . 20LJ 6 .ROEH 7 +HPSKLOO +DOH\ 0 %RWW - *l
6LOYD : 6WDUN & +DUDGHQ & )HQWRQ & B8QUXK - *DUGQHU -

BHLVPLF KD]DUG HYDOXDWLRQ RI WKH /RV $ODPRV 1DWLRQDO /DERUDWF
WKH /RV $ODPRV 1DWLRQDO /DERUDWRU\ DQG WKH 8 6 'HSDUWPHQW RI

‘RQJ 6LOYD : 20LJ 6 'RYHU O *UHJRU 1 *DUGQHU - IHZLV ¢
6WRNRH . 7TKRPDV 3 DQG 8SDGK\D\D 6 8SGDWH RI WKH SUREDI
DQG GHYHORSPHQW RI VHLVPLF GHVLJQ JURXQG PRWLRQV DW WKH /RV
&DOLIRUQLD 856 &RUSRUDWLRQ XQSXEOLVKHG FRQVXOWLQJ UHSRUW S|
YROXPH

=DFKDULDVHQ -$ 3UHQWLFH & 6 .R]DFL 2 6LFNOHU 55 %DOGZLQ

3DOHRVHLVPLF VWXG\ RI WKH 3HQLQVXOD VHFWLRQ Rl WKH 6DQ $¢
5HVHUYRLU 6DQ ODWHR &RXQW\ &DOLIRUQLD DEV $PHULFDQ *HRS
'"HFHPEHU 6 &

=LPPHUHU 0 - [/DIIHUW\ - DQG &REOH 0 $ 7KH HUXSWLYH DQG P
SXOVH RI YROFDQLVP DW WKH 9DOOHVY FDOGHUD ,PSOLFDWLRQV IRU VX
-RXUQDO RI 9ROFDQRORJ\ DQG *HRWKHUPDO 5HVHDUFK SS

/&, SBURMHFW 1R 6HSWHPEHU
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LCI

7TDEOH 6 XPPDU\ RI BUHYLRXYV 3DMDULWR )DXOW 6\VWHP 3DOHRVHLVPL
6LWH| 7DUJHW )HD '"HIRUPDWLRQ ([S 6HOHFWHG 1RWHV HPSKDV\ 5HIHUHQH
y,QYHVWLJIL IDXOWLQJ DEVROXWH
SDMDULWR )DXOW QRUWK WR VRXWK

6PDOOP KLIK| 7TUHQFK PZLGH JRQh 7ZUHQEFK 5& 7/ DQ&®U BQEDO\ OF&DOSLQ
LQFOXG DQWLWKHWLFE QRUPDO IDXOWYVY WKDY 7/ DQG 6', bJHV DUH PXFK RO( OF&DOSLQ
WUHQFHK IDFHV : WKD HDVWZDUGMVIHWG4EW ! | ZKLFK DUH DOVR VWUDWLJUDS OF&DOSLQ
ZHVW RI PDLq '7: DIJDLQVW VHGLPHQ RQH DQRWKHU OF&DOSLQ *DUGQHU H

HVFPB®W FU| ]IRQH LQFOXGHY ODU 05(LV GDWHG EHWZHHQ & SUHBLWHG

EXW RQH NP
P KLIJK HDVW
IDXOW VFDUS

ILVVXUHV IDXOW WHLU
ILOOV DQG FROOXYLX
HYLGHQFH IRU DWEGH
HYHQWYV

TUHQFKD 7ZR '7: QRUH
IDXOWYV GLVSODMH @m

+RORFWIQ® HQW V

DJH XQFDG REHUMMWANND E\ 7/ DQ
6',” EXW VWUDWLJUDSKLF UH(
LOWHUSUHWHG WKHP VXJJHV\
EHWZHHQ ND E\ 7/ 6",

JUHQFKD 5& DQDO\VHV DUH
VWUDWLJUDSKLFDOO\ FRQVLV
05( DJH EHW Z HDH)® OI& DO SL

"RQJ HW DO

RU DQG ND DFFRUGL
DO LQ SUHS
%DVDO IDXOV P ZLGH HRRIGLSSLQJ | 1R DEVROXWH DJHV OF&DOSLQ
HDVWHUQ HV| WKDW GLVSODFH D Wk gWUDWLJUDSKLF DQG VWUXFW OF&DOSLQ
P KLJK FROOXYLDO GHSRVLW| |pXxOWLQJ HYH@WVP BRVBVE OG

7( RYHU P JRQH LQF spvw ND EDVHG RQ 6",

XSOLIWHG QDUURZ KR

WUHQFK
&UHVWDO WH| %URDG JRQGILBBLQJ d $VOHDVW WZR IDXOWLQJ HYHQ| OF&DOSLQ
ILVVXUH VW\OH QRUPDO IDXO|\ GHYHORSPHQW RI D EXULHG Y| OF&DOSLQ

DQG DPIWKLFN SDFNDJ
VHGLPHQWYV ILOOLQJ
ILVVXUH

EXW D 7/ DJH RI
6'1

ND LV LQFR
DJH HVWLPDWH RI ND IRU

/&, SBURMHFW 1R

6HSWHPEHU



LCI

$QWLWKRWLB
IDXOW WBEDWS
HVFDUSPHQW
IDFHV : ER
KRUVW RQ WH
JUDEHQ WR W
VDPH IDXOW
7UHQFK

$ ZHGBILQHG VXEYHU
IDXOW ]JRQH RIIVHWYV
P RI JUDE®IQ VHGLPH
RWKHU DGMDFH@WS]RL
IDXGWDKV LQFOXGH P
ILVVXWOHOV FUDFN ILO
WHUPLQDWLRQV DQG
JRQH RI ROGHU QRUPI
DVK SXPLFH DQG YRO
DVVRFLDWHG ZLWK W
OHGLR HUXSWLRQ

5& 7/ $8U EXON FKHPLVW
WUDWLJUDSKLF DQG VWUXFW
HYLGHQFH IRBW SIRXYOWLQJ HY i
UHVXOWHG LQ P RI YHUWLF

Rl OF&DOSLQ VKRZV UHF
05( RFFXUUHG VKRUWO\ EHIRU
FROOXYLXP LPXWWR] DIH RQ(
FRQVWUDLQHG E\ 6', Rl a ND
EXULHG VRLO

OF&DOSLQ
OF&DOSLQ
OF&DOSLQ

*DUGQHU H
SUHRBLWHG
RQJ HW DO

PKLIJKIOFL
VFEDUS RI V\Q
IDXOW HDVW
HVFDUSPHQW

6LPDMRU IDXOW JRQH
4EW RYHUDOO '7( ,QF
IDXOWY VRPH ZLWK |
VFDGHULYHG FROOXY
DQJOH VWDFNHG UHY
VXEYHUWXE@EWXRG VXEY H
IUDFWXUH JRQHV

1R DEVROXWH DJHV VWUXHFW X
UHODWLRQV SURYLGH HYLGHQ
HYHQWYV \RXQJHVW IDXOWLQJ
VWURQJ %W VRLO KRUL]JRQ DQ
LQIHUUHG WR EH +RORFHQH

OF&DOSLQ
OF&DOSLQ
VKRZQ RQ )

DQG EX
GLVFXVVHG

P KLIKIKFL
GRXEOH VFDU
ERXQGV D VP
HDVW RI WKH
HVFDUSPHQW

7KUHH FRPSOH[ IDXOV
RYHUDOO RIIVHW 4EW
PXOWLSOH ILVVXUH D
GLIIHUHQW DJHV DQG
DQDVWRPRELOSLQWVMD
DQG IUDFWXUHYV

1R DEVROXWH DJHV HYLGHQF
LQIHUUHG SULPDULO\ IURP GL
FROOXYLDO GHSRVLWYV

OF&DOSLQ
OF&DOSLQ
VKRZQ RQ )

DQG EX
GLVFXVVHG

6PDOOP KLJK
D QW L WOOHINWN R
HDVW RI HVF
EDVH IDFHYV
ERXQGV KRU
( DQG JUDEH(
: RQ VDPH ID
WUDFH DV 7U

EXW PV

$ ZHGBILQHG ¥XBYAR\
IDXOW RIIVHWV 4EW R
DJDLQVW JUDEHQ ILO
VHFRQG D UNDX®MDM RO
ILVWXUH ILOOV DQG F
DV PDQ\ DV ILYH HYHQ

5& DQG 7/ DQDO\VHV
05( FROOXYLXP 8QLW F VXJ|
EHIRUH WR ND EXW OF&Q
LQWHUSUHWHG WKH 05( WR EH

ND 5HJDUGOHVV 7/ DJH RI
DSSHDUV WRR ROG SRVVLEO\

5& DJ

OF&DOSLQ
OF&DOSLQ

*DUGQHU H
SUHBLWHG
‘RQJ HW DO

/&, SBURMHFW 1R

6HSWHPEHU




LCI

(2& $QWLWKHWLF 'RPLQDQWO\ @R WRAWDL 5& DQDO\WHVY DQG JHRFKHPL 5HQHDX H
HDVW RI EDV| IDXOWWIZQGH ]JRQH P| SHWURORJLFDO DQDO\VHV RI
: VXEYHUWLFDO QRUPD| HYLGHQFH IRBW SIRWWWYV WKH
GLVSODFHV HDUO\ 30| VXJJHVW D VWRQH OLQH FRXO
DOOXYLXP DQG SXPLF| 05( RU SRVVLEO\ DQRWKHU VH
4EW WR WKH HDVW Y| 05( RFFX3AJDHWHU FDO ND E
I P PDLQ ]JRQH DOV WHUPLQDWLRQV RI IDXOWV ZH
3O0HLVWRFHQH DOOXY| XSSHU 6 RI XQLW 4F ZDV QRW
RYHUO\LQJ +RORFIHEPH DSSHDUV VXJIHVWV IDXOWLQ
4F DGMDFHQW WU 41 E ZDV GHSRVLWHG DERXW
IDXOW VSOD\ DW VW
+RORFHQH FROOXYLX
DIJDLQVW 30HLVWRFH
DSSDUHQWO\ RQO\ HJ
ORZHU 6 RI XQLW 4F
ERXQGLQJ QRUPDO ID
DOVR DSSHDUWHNIR R
4F FP '7:
3DMDU| %DVDO IDXOV '7: ]JRQH RI VHFRQGDU| 5& DQG 7/ DQDO\VHV 7/ DJH 'RQJ HW [
&DQ\RQ P KLJK HDWQ| GLIIHUHQWLDO RIIVHV SURY IPOHP XPILAVLQJ DJH RQ 3( 20LJ K
3&7 HVFDUSPHQW WHUPLQDWLRQV HYL( ND LQWHUSUHWHG DV LQWU
KHLIKW P|DV SREW HYHQWYV
D E|6PDOO SRVVL 1R VWUXFWXUHV RU R 1R DEVROXWH DJHV OF&DOSLQ
VFDUSV RQ Il GHIRUMRIWLKH +RORFH
HVFDUSPHQW /DWH 30HLN®®RHIQHMHO
WR WKH 1( D VHGLPHQIRWHG VRPH
HPED\HG WOWLQJ L Q IBIGHIFHGH DV
JUDGLHQW WRZDUG I
PKLJK VFD{ &RPSOHP ZLGH JRQH R| 5& DQG ,56/ DQDO\VHV 05( | OF&DOSLQ
ZHVW DQG VR (RUPDO IDXOWV WKDW HVWLPDWHIBQEHINQG ND EDVH
WUHQFK VHGLPHQWYVY DJDLQVW| EXW 5& DJH IRU VDPH XQLW X
LQFOXGH FRPSOLFDW| FROOXYLXP LV PXFK \RXQ\HU
VW\OH IDXOWLQDVILD] %3 ZKHUHDV 3', DJH HVWLPDW
PZLGH VKDOORZ KR| RUGHU RI WR ND IRU WKH V

/&, SBURMHFW 1R

6HSWHPEHU
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4JEW H[SRVHG LQ WKH
WUHQFK

6PDOO VFDUS
KHDG RI LQW
DJH DOOXYLD
EDVH RI ZHVYV
HVFDUSPHQW

7KUHH GHIRUPDWLRQ
& PLGGOH % DQG (
Rl WUHQFK =RQH $ Z
VWHHS QRUPDO I|DRFO
RI '7: RIIVHW WKDW R
HYHQW 'HIRUPDWLRQ
ZHW PRUH FRPSOH[ DQ
'HIRUPDWLRQ =RQH %
LQWHUSUHWHG WR EH
WKDW ZDV ®HIWQZH D
EDVH +RZHYHU XOQL
DSSHDU WR FRUUHOD
VRXUFH DUHD ZDV QR
KLV UHYLHZ : /HWWL
DOWHUQDWLYH LQWH
% ZDV D JUDEHQ +RZ
WKURMRIKQJ IDXOW ZD
REVHUYHG DORQJ WKI
PDUJLQ 'HIRUPDWLR
LQFOXGHG PXOWLSOH
PZLGH ILWWX®H RWK
H[WHQVLRQDOOHRXG L
VWUXFWXXE XV OmE PH
VFDOH IROGLQJ WKDW
OHIW DQJXODU VODEV
VXBDUDOOHO RULHQW

7/DQG 5& DQDO\WHV )ROGL/(
DSSHDUV ROGHVW VXEVHTXHQ(
ILVVXULQJ LQ =RQH & PD\ KDY
HY HQWW WKHV\RXQJHVW OLNHO
FRQWHPSRUDQHRXV ZLWK GHI
DQG % RFFXUULQJ EH\NDHEBDH
RQ FDOLEUDWH®OWHUGDWLY H
IDXOW $ PD\ EH VOLJKWO\ ROG
LV QRW IDXOWHG HE)f W @& IDQIH/
5HIDUGOHVV WKH QDWXUH RI
GHIRUPDWLRQ UHPDLQV XQFHL

OF&DOSLQ
OF&DOSLQ
OF&DOSLQ

*DUGQHU H
SUHRBLWHG
"RQJ HW DO

:DWHU 7| %DVDO IDXOV '7: ]JRQH RI IDXOWV Z| 5& DQG 7/ DQDO\VHV 05( SU 'RQJ HW [
77 PKLJK HDY WHUPLQDWLRQV DQG | +RORFHQH FROOXYLXP DQG XQ 20LJ K

LQFOXG| HYFDUSPHQW| ILVVXUH ILOOV DQG F| 3XPLFH ZKLOBWIRMWROOXY LX

WUHQFH VXEVHTXHQW HYLGHQFH IRU DW OH| Rl *© 5& DJHV RI N D

PDSSLQJ E\
OF&DOSLQ

LOQGLFDWHYV H

IDXOWLQJ HYHQWV EX
QROWHFWRQLF DQG OD

LQWHUSUSIRWH/G EOA FRQWDPLQ
LWUXVLYH

/&, SBURMHFW 1R

6HSWHPEHU



LCI

ODQGVOLGHYV
VLWH

:DWHU| %DVH RI HVFIl 1R GHIRURD®RWRIRG LQ 5& DQDO\VHYV "RQJ HW [
&DQ\RQ ZLWK HVWLP| (O &DMHWH DOOXYLXH 20LJ H
1 &7 P RI 197"
%DVDO IDXOVW VWHHS IDXOW ]JRQHV, 5& DQG/DQDO\VHV $0O0 DJH OF&DOSLQ
P KLJK QRUPDO IDXOWV JUD| XQIDXOWHG VHGLPHQWY WKDW OF&DOSLQ
H¥DUSPHQW | ILVVXUHV RYHUDOO |\ ZHGJH ,56/ DJHV ZHUH vwUD\V *DUGQHU H
6SHFLILFDOO| P '7( DJDLQVW VHGLPHF UHYHUVHG DQG DUH PXFK BRQG SUHRBLWHG

WZR IDXOWYV
4EW '7( DUH
SURMHFWHG
IDXOW DQ LQ
DJMWOOXPQDO

VWUDWHR DUDE KWUXFW
UHODWLRQV LQGLFDW,
4EW IDXOWLQJ HYHQW

6', DJHV WKDW VXJJHVW WKH (@
EHWZHHQ D G

"RQJ HW DO

Rendija Canyon Faul

t (north to south)

*XDMH 3
LQFOXGQ
WUHQFH

"HVWDFLQJ VH
PDMBQWLWKH
WR WKH 3DMI

1DUURZ DKQI®H QRUF
ZLWK RQH PLQRU D
VWUXFWXUDO DQG
HYLGHQFH IRU DW OH
VXUIDFH UXSWXUHYV

7/ DQG 5& DQDO\VHV DOO 5
DURXQG NDWRUFR®OXYLXP
DJHV IURP WKH VDPH GHSRVL
DYHUDJH ND

.HOVRQ HW
"RQJ H
DO

&RXQW
/IDQGILO

H[LVWL

H[SRVXU

ODMRU DQWL
WR WKH 3DML[
R IDXOW VYV

PZLGH BRM[ IDXOW
YHUWLFDO IDXOWV J
VWUXFWXUHV

1R DEVROXWH DJHV 4EM OHHYDHY
P '7: YHUWLFDO VHS DQG DO
RI XQFRQVWUDLQHG ODWHUDO

'RQJ HW DO
20LJ H

Guaje Mountain Fault (north to south) :

&KXSDGH
&DQ\R(
LQFO X

"HVWDFLQJ VF
PDMRU DQWL
WR WKH 6DQYV
&DQ\RQ IDXO

TUHQFK &+8P ZLGH QH
YHUWLFDO PDLQ IDXC

YHUWLFDO VHSDUDWL
LQIHUUMGFEPSRQHQ

5& DQG 26/ DQDO\VHYV

7JUHQFK &9%( SRVWGDWHVY N
OLPLWLQJ DJH XQFRQVWUDLQH
PRGHUQ VRLO WR VXUIDFH

ODWHUDO VOLS LQFO

*DUGQHU H

/&, SBURMHFW

1R

6HSWHPEHU
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WKUHH
WUHQFH

ROGHU SRUWLRQV Z
OHDVW HYHQWYV R
RFFXUUHG DIWHU DOC
GHSRVLWHG a ND

TUHOQOFK &BBRVWO\ QHD
YHUWLFDO PLQRU IDX

Z ZHVWZDUG WLOWL(

TUHF® &+8 PZLGRQH
PLQRU QHDWLFDO QR
PDLQ IDXOW LQIHUUH
(

TUHQFK &R DEVROXWH DJHV
DJH HVWLPDWHYV VXJIJHVW IDX
N D

TUHQFK &BLITHUHQWLDO GLVS
VXJIHVW DW OHDVW WZR UXSW
\RXQJHVW RFFXUULQJ EHWZHH
RQ 26/ DQG 5& DJHV + ROAHPY. MWL
VDPSOH ZDV IURP VWXPS KROH

&DEUD
&DQ\RQ
LQFOX
PDLQ WU
DQG V(
WUHQFK

"HVWDFLQJ VH
PDMRU DQWL
DW D ODWLW
WKH 3DMDUL
6DQWD &0ODU
IDXOWYV

7KUHH PDLQ IDXPWMG |R
WUHQFKVOW B LJR®H D
WUHQFBKQIRH JRQH D
PZLGH PDLQ QRUPDO
LQFOXGHV \RXQJHU D
SRUWLRQV Z HYLGHQ
WZR HYHQWYV

5& DJHV FRQVWUDLQ WLPNDR
RQO\ RQH PD[ OLPLWLQJ DJH

*DUBHU HW |
*DUGQ
DO

6SRUWVE
&OXE
LQFOXBX
WUHQFKH
SLWQG
SURILO

ODMRU DQWL
WR WKH 3DMI

1RQH REVHUYDWLRQ
IDXOWLQJ LQ &HUUR 71
H[SRVHG LQ D JXOO\ V
VXJINVWWKDW WKH *0)
ORFDWHG ZHVW RI WU

7TRSRJUDSKLF SURILOHYVY PHDV
WHUUDFHYV RI GLIIHWH® W HBIW M
RITVAHIWXNIHVW WKDW DW OHDV
HYHQWY KDYH RFFXUUHG ZLWH
ND DJH HVWRPIYRHY FKURQRYV

'RQJ HW DO
20LJ H

OF'RQDOG H

/&, SBURMHFW 1R

6HSWHPEHU
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7TDEOH:RQJ HW DO 3DOHRVHLVPLF 'DWD 6XPPDU\ IRU WKH 3IDMDULWR )DXOW 6\VWHP
Fault and Trench Site®
Event PAF GM RC
Pajarito Water Cabra Sportsmen's | Chupaderos Guaje
o 45 3 46 _E4 g4 3 74 73 7.4 9311 9 ~3.20) 3 4 _E3 g3 _p22
97-3 97-3 974 97-4 97-5 97-6 97-7 97-7 97-Ta 97-7a® |EOC-2*"" |WETF-2¢ 984 98-4 98-5 98-6 98-6 Canyon® | Tanks™ | Cyn®' Club’2" Cyn™s Pines’410
P1 1.3 1.4 1.4 12" ~1.4 1.3
2.2 <2.3 2.2 4 7.3
P9 2.2 21 (<4.5) 55 3 24 2.4 age? 34
20 19 8.6 12 7.0 16 10
P3 229 8.6 9 10 10 iy =8.6
10.5 10.9 21 18 11 24
~20 i 2 <417 44 P 2
P4 ?0 20 age? age? 30r4 At least 2 =141 31 41 age’ 38.8 age:
45 events ?vents 58 40.4
be 36 <81 | age? | age? |since 177 5'“'3:325 45 age? 50
97 to 184 [‘;‘zs*:’b!}r 63" 61 60
P6 (7) ‘:zi:iff 8 events age? 50 75
since ® | between 63
81 ? = 4 7
b7 : age’? 492) BFd 78
106 445) <1,220
- 19
Fa 100 age?
__11013 At |ea5t 1
P9 97-117) ” | At least 5 event
&r-117) events | ;
: avents between - -
age? between | N >137  |Possibly 5| >144"
P10 >43 58 and events
1,220 : > between ;
P11 age: 57 and
1,220
=140
P12 1 100 Passibly 3 =1,220
'1'. 220 evenis
P13 ' between
137 and

OLQLPXP DQG PD[LPXP DJHV FRQ\RWUXDL Q E & JI BHK-MWPDR R BQ@MBIVUWDOQRY EROG LQGLF DWHO\R @ WHIQRMHRR\GFLOFMELIJXRXV 6KDGLQJ LQGLFDWBLWHR ©XGHQREFRA M YMIBMRK BW VLWH +DFKXUHV
LQGLFDWH FRUUHODWLYH VHFWLRQ ZDV QRW H[SRVHG DR WH W R S/HRRV WWBRNRHRALID 'S K/LKFR B PHVROGEFQRICH RE B L W L H VL G5/ RAEV. DWYLHRQ ZD QBQR Q BHRPESGINROH VWU DWLJUDSKLFL@MFRUG LQKHUHQWO\
LQFRPSOHWH SDOHRVHLVPLEW XG RMEBP R\KWM BRIFROBW H | RNDW K W ISIDR/ XVEKBW WLOO QRW QHF HVY¥IHM® O R R FROIHAVW DG QRISDUERQ GDWHY FDOHQGDU FDOLBUBWWHGEGHX@OMHR/WEWRMIMH QG HRAW K HU Z LV H
OXPLQHVFHQFHS$SDAD@VMHN RUDQJIH FERQV,RIRIMKHUGY RLO EDV HRWH WKBDWVOF/RQDO G UHSRUWHG VRLO SURIVOBQOGH Y H @& RSLEADIWQALRZHEVWE DR RAMDUHNS/S L QJ R HAKOMMHHBRQVLGHUHG

XQFHUW RLOIWLIGMW LQJ 3', DIHV WKURXJKRKXIMW WE XV DD P RIEWUS DILQBGRUMW UDWLIUDSKLW RQUW W CIBMEMREIHY EODFN DUH IURP RWIKVORWHEKQLTXHYV
3$) 3DMDULWR IDXOW *0 *XDMH ORXQWDLQ IDXOW 5& 5HQGLMD &DQ\RQ IDX®WR FBRIPUHHWALH IGHFUKH @ MIR NGV MBHIGHE WIKDR/ R EVENG W K2 DX GWLDSEDGHIRRR W XK MQWD P H IDXOW WUDF H

6LPLODUO\ WUPQEKHZHWRH WKH VDPH IDXOW WUDFH 30DWH VKRZV ORFDWLRQV
6RXUFH *DHMWQIHQ SUHS 1 R W U HMWKDDOAK. DWK IHR. RIQURKEEK \DHDBV HV W 4 X DWHU QDU\ UHF R UGMWBK WWRBRWIRRP SEHRADHXDE G E HVRIRXMGHW WWIRARW V VKHR DO ARQ G7 U HROFAHWY WKDQ 3

ROGHU WKDQ 3 GRHV QRW LQGLFDWH GL\RDWUKHM P HEWB RSMVKSWEH LGHQWLILFDWLRQ
6RXUFHV OF&DOSLQ H[FOXGLQJ )LJ®PQK OF OF&BIOFBLQ

DQG 7UHQFK

/&, BURMHFW 1R 6HSWHPEHU
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BUHIHUUHG DJH E\ OF&DOSLQ IRU WKH \RXQJHVW HYHQW LQ 7UHQFK LV a EDVHG RQ UDGLRFDUERQ DJH 3', SDJH HVWLPDWH DQG VWUDWLJUDSKLF UHODWLRQV (YLGHQFH IRU
DSSDUHQW RIIVHW DQG WKHUH LV OLPLWHG HYLGHQFH IRU WKLY HYHQW DV WKH DVVRFLDWHG FUDFN ILOO 8QLW PD\ KDYH EHHQ GHSRVLWHG ZLWK 8QLW GXULQJ (YHQW 3
$FFRUGLQJ WR OF&DOSLQ WKH \RXQJHVW HYHQW RFFXUUHG DIWHU ND DQG PRVW OLNHO\ DIWHU ND $JHV IRU RWKHU HYHQWY SRRUO\ FRQVWUDLQHG EXW WKH IRXU HYHC

6RXUFH HRQDO
6RXUFH H®WOLO
6RXUFH HMD \DROQ

/IXPLQHVFHQFH DJHV IRU 05( DUH WR ND .HOVRQ HW DO DQG PD\ EH DQRPDORXVO\ ROG GXH WR RQO\ SDUWLDO VRODU UHVHWWLQJ DQG VR UDGLRFDUERQ DJH RI ! ND .HOVRQ H\
6RXUFH SHWW HDOX

JRU WKH \RXQJHVW HYHQW LQ 7UHQFK D DQ DJH RI “ ND LV SUHIHUUHG IRU WKH SUHIHUUHG LQWHUSUHWDWLRQ RI SRVVLEOH VFHQDULRY ZKRVH DJHV UDQJH IURP WR ND *DL
(YHQW QRW LQFOXGHG LQ OF&DOSLQ EXW IURP OF&DOSLQ

$JH IURP 0OF&DOSLQ

6RXUFH *pHINGDRBU $JH IRU WKH SHQXOWLPDWH HYHQW FRQVWUDLQHG E\ ERWK UDGLRFDUERQ XQFDOLEUDWHG DV DJHV DUH ROGHNM DMX D @ IF\DROXMVEVUHDGN Y. B B FEOOWDYWHLYY HD B GL B SIWY EFADIR O\ R/ANF IXRIXUCHD
DGGLWLRQDO HYHQW DW a ND EXW ZH MXGJHG WKH HYLGHQFH WR EH WRR DPELJXRXV WR LQFOXGH WKH HYHQW KHUH

OLQLPXP FRVPRJHQLF DHWIDRP 3KLOOLSYV

7RR ROG WR FDOHQGDU FDOLEUDWH

20GHU WKDQ (O &DMHWH SXPLFH ZKLFK LV HVWLPDWHG WR EH WR ND EDVHG RQ UDGLRFDUERQ DQG OXPLQHVFHQFH DQDO\WHV 5HQHDX HW DO

B3UHIHUUHG DJHVY EDVHG RQ OXPLQHVFHQFH DJHV IRU \RXQJHU GHSRVLWYV VWUDWLJUDSKLF DQG SHGRORJLF UHODWLRQV OF'RQDOG V DJH HVWLPDWH RI WKH EDVH RI EXULHG VRLO %W E L
LV HVYWLPDWHG WR EH WR ND DQG SURYLGHV D PD[LPXP OLPLWLQJ DJH IRU WKLV HYHQW 2YHUO\LQJ OXPLQHVFHQFH VDPSOH DJHV RI “ DQG “ ND DUH VRPHZKDW FRQVLVWHQW
OF&DOSLQ V SUHIHUUHG DJH HVWLPDWH RI ND IRU (YHQW 3 HYHQ WKRXJK DFWXDO VRLO DJH FRQVWUDLQWY KDYH D EURDGHU UDQJH WKDQ UHSRUWHG LQ OF&DOSLQ RU *DUGQHU HW
3DOHRVHLVPLF HYLGHQFH LV QRW IURP WUHQFKHV EXW IURP VWUDWLJUDSKLF DQG VWUXFWXUDO HYLGHQFH LQ ERUHKROHYV

3DOHRVHLVPLF HYLGHQFH LV QRW IURP WUHQFKHV EXW IURP GLIITHUHQWLDO RIIVHWYV RI IOXYLDO WHUUDFHV WKDW VXBWDPW DWOOW MWON W ZR RS RRXVQ EDW W KY HRB WY HDQYW X PREG- XMRJ A B URJ! VXKW H* &
&KXSDGHURV &DQ\RQ WUHQFK VLWH

6RXUFH OF&DOSLQ 1RW LQFOXGHG LQ OF&DOSLQ 1RWH WKDW DD FERDWHBE@RQ D 3TXBWHBVIWPRQWAXP UMW RH \RXQJHVW HYHQW LQ WKH ([HFXWLYH 6XPPDU\ EXW GLWAEXVRALMQ LQ WKH
PLQLPXP ZKLFK LV XVHG KHUH EHFDXVH WKH 3', DJH HYWLPDWH RI WKLV KRUL]RQ ZLWKLQ 8QLW D GRHV QRW SURYLGH D PLRWR®F Q GHDIRU | IFOUX &W HQ R RQ BHMW \H YFH QW GV ® EHREWHVZBWR W RRW
DJHV EUDFNHWLQJ WKH WRS RI 8QLW E EXW WKHVH DJHV DUH VWUDWLJUDSKLFDOO\ UHYHUVHG SUREDEO\ QRW FRPSOHWHO\ UHVHW OF&DOSLQ S DQG GR QRW DJUHH ZLWK WKH
QRW WKH WRS ZRXOG EH WKH HYHQW KRUL]JRQ :H KDYH FRQVLGHUHG DOO RI WKHVH XQF HNDVDQ GW LRV MX R X B X0QUBO W LH/Y KQWHDEA R U DFINGD/OIORIJFWKHG 1B WREDB FIHW ZHHQ$GGLWLRQDOO\ DO
WR ND IRU WKH SHQXOWLPDWH HYHQW EDVHG RQ 3', HYWLPDWHV Rl WKH EDVH RI 8QLWY DQG WKLV HYHQW SRVW GDWHV 8QLW DQG SUH GDWHV 8QLW VHH S DQG OF&DOSLQ

RQ 3', DJH HVWLPWW MWD RTDEOH LQ OF&DOSLQ IRU WKH EDVH RI 8QLW E ZKLFK LV OF&DOSLQ V LQWHUSUMHRY HGDHLYH @ WUKRQDTREY L LRIUOW KB \WEH UGB/ X QY E@ PN H GIVWHRPBE®WH Rl EDVHG R
7DEOH LQ OF&DOSLQ IRU WKH EDVH RI 8QLW D LQ 7UHQFK

/&, BURMHFW 1R 6HSWHPEHU



LCI

7TDEOH 7\SH RI (YHQW ,QGLFDWRUV $SSOLFDEOH WR WKH 3DM

(YHQ
,QGLF '"HVFULSWLRQV
8SZDUG WHUPLQDWLRQ RI D IDXOW ZLWKLQ D GHSRVLW 8MNDH (
8WD \RXQJHU WKDQ WKH GHSRVLW DQG ROGHU WKDQ RYHUO\LQJ @

EDVHG RQ WKH MX[WDSRVLWLRQ RI WKH IDXOWHG GHSRVLWYV
IDXOWLQJ HYHQW DQG WKH KYHKDOKHHARF AW HYFHQALMKS B HW

8SZDUG WHUPLQDWLRQ DW WGHS RRW\H U KER/XQGHDQW RIQBLFDWR U
ORZHU ERXQGDU\ RI WKH XQLW WKH IDXOWLQJ HYHQW PXVW 3
SWE | IDXOWYV WIQDW MVBWPWKH ORZHU ERXQGDU\ RI D FROOXYLDO ZH
UDQN RU TXDOLW\ LV EDVHG RQ WKH W\SH RI GHSRVLWYV WKDW
FRQILGHQFH RI WKH IDXOW LOWHUSUHWDWLRQ

JLVVXUH)LVODNGHILQHG DV DQ\ IHDWXUH WKDW YHUWLFDOO\ R
FRQWDLQV RXW RI VHTXHQFH GHSRVLWYV )LV E\ GHILQLWLRQ |
HYHQWYV WKDW UHTXLUH HIWHQVLRQ D@GGVGEHSRNVH WILR QRQ J LEDVY

)LV KLOOVORSH SURFHVVHVY FUHHS FDQ EH UXOHG RXW 7KH UHO
FRQILGHQFH RI WKH ILVVXUH ILOOLQJ UHODWLRQVKLSV $VVR
IDEULBORRLDO ZHGJH RU EXULHG IUHH IDFHV LQFUHDVHV WK
SHUWLFDORIUVHW RIITVHW RI WKH EDVH RI D EXULHG VRLO RU

9R LV SRVLWLYH HYLGHQFH IRU SDOHRYVXHDIKH HDKIOWK B JT X(¥ @ QW

REVHUYDWLRQ ZKLFK JHQHUDOO\ LV WLHG WR WKH FRQILGHQ
VWUDWLJIJUDSKLF XQLW

S9HUWLFDO RIIVHW ZLWK GHFUHDVBRG GV \ERO/D WH.FY QMY XG HVGHTFH,
VXIDFH IDXOWLQJ ZKHQ D FROOXYLDO ZHGJH RU HDVLO\ LGHQ
9RG | 9RG DV DQ HYHQW LQGLFDWRU LV EDVHG RQ WKH DPRXQW RI

FRQILGHQFH LQ VWUDWLJUDSKLFORRWULISO BIVOIRREQ R EDVAHURNDWILDRX]
VDPH VWUDWLJUDSKLF OHYHOV LPSURYH WKH RYHUDOO FRQIL

&ROOXYLD®: ZHE®JB ZN&DISHG FROOXYLDO XQLW GHSRVLWHG D]
D GHJUDGHEDIWDSX OWMKLW HYHQW LQGLFDWRU LV LQWHQGHG WR U
GHSRVLW DQG LQWHUSUHWDWLRQ $ FODVVLF FROOXY L N® FAMI]
DQG FDQ EH EURNHQ LQWR D SUR[LPDO GHEBLNVIDEHEVRIQG P
DOVR KDYH D *KHDO ~ RU DVVRFLDWHG ILVVXUH ILOO EHORZ W
DUH IRUPHG RQ VWHHSHU VORSHV RU VFDUSV WKH\ PD\ EH F
FROOXYLDO GHSRWILWQKBVZBQHO®KDSH WKH UDQN LV KLJKHU
GHSRVLW WKDW LV RYHUDOO WDEXODU LQ IRUP

&Z

&RDUVH VWUDWLJUDSENL Q HDIMUHDKOW LQGLFDWRU WKDW LV LQ
WKH LQWHUSUHW H G DR GVIOHY LIDYXOO B/H]RRMAL WP G KRZ WKH\ WDSHU
FODVVLF FROOXYLDO ZHGJH WKH SUR[LPDO FROOXYLXP DW W
PRUH WUDH QHG GLVWDO PDWHULDOV ZLWKLQ VHWHIAO PHWHU

&VQlI

%XULHG JUHH )DFH %Il LV DQ HYHQW LQGLFDWRU WKDW LQF(
VXUIDFH IDXOWLQJ WKBWHOQWEKRQBBYEXBRYVW D FROOXYLDQ
SUHVHUYHG DGMDFHQWGWR RVKW KRR CROOQIHDAVZHY HQW EHFDXVH
%Il | WUXQFDWH VKHDU RU RW KHWZG WIS RELWF XEXH \. Qal I\ B W/ HIY HW KI1D
7KLV HYHQW LQGLFWRU LV PRUH FRQILGHQWO\ LQWHUSBH®W(
FROOXYLDO ZHGJH XQGHUO\LQJ DVVRFLDWHG IDXOWV ZLWK V
LV WKH TXDOLW\ Rl WKH LQOWHUSUHWDWLRQ DQG VXSSRUWLQJ

/&, SBURMHFW 1R 6HSWHPEHU



LCI

'"HVFULSWLRQV

6l

6KHDU )DEUL¥Y D |RREWDEULF GHYHORSH® MX DMK ® WHIGQE B X B WAl
DOLJQHG FODVWYV RU |RIOLDVDHG \PHDIWPH/URD OLQIMQG LV D SRVLW
IDXOWLQJ ,Q WKH /RV $TROPHRVDEMLERQWIBDIXFDMD O\ LQFOXGH D 3
DOLJQHG LQO@G]RQB\ OLQHG VKHDUV 6KHDU IDEULF LV W\SLFL
SRRUO\ SUHVHUYHG LQ VDQG\ SRRUO\ FRQVROLGDWHG GHSRV
EXW FDQ EH XVHG DV VXSSRUWLQJ HYLGHIQEW ZRQIEQ FTRME0\E GH
7KH FRQILGHQFH RI WKLY HYHQW LQGLFDWRU LV GHSHQGHQW

77

7TLOWLQJ RUZIRUSMVQUDWLJIJUDSKLF XQLWYV RU VRLO KRUL]JRQV H
IRU VXGIDIRWPDWLRQ HVSHFLDOO\ ZKHQ DVVRFLDWHG ZLWK R
9RG :DUSLQJ RU WLOWLQJ E\ LWVHOI VKRXOG EH LQWHUSUHY
FRQVLGHUHG HJ ODQGVOLGLQJ I&8LFDWRGHQYFEHIHRIGHNQ
WKH WLOWLQJ LQ DGMDFHQW XQLWY DQG W\SLFDOO\ LQFUHDWV

$F

$OLIQHG &P Fr'DPWVEH LQWHUSUHWHG DV SRVLWLYH HYLGHQFH H
RWKHU IDXOW UHODWHG JINDWDXQGH 8 VIXAK DUWREHVW GHYHORS
SUHVHQW LQ WKH GHSRVLW 2Q WKHLU RZQ $0OLJQHG FODVWYV
WKLY HYHQW LQGLFDWRUV LV GHSHQGHQW RQ LWV DVVRFLDW

7K

7KLFMHQK RI D JHRORJLF RU VRLO XQLW DFURVV D VXVSHFWH
HYLGHQFH RI VXUIDFH GHIRUPDWLRQ ZKHQ DVVRFLDWHG ZLWK
DQG 61 2Q LWV RZQ 7KLFNHQLQJ RI DQ3WH §RGL\WDIWRQR \& RIQ ULHE
LQGLFDWRUV LV GHSHQGHQW RQ LWV DVVRFLDWLRQ ZLWK RW

2EVHUYDWLRQ 4XDOLW\ RU 5DQN
$ :HOO ([SUHVVRIGHUDWHO\ ([SUBXNONG[S&HVVHG

/&, SBURMHFW 1R 6HSWHPEHU



LCI

7TDEOH 4XDOLWDWLYH 6XUIDFH IDXOWLQJ (YHQW 5DQNLC

(9(17&21),"(1&(

)25 5$1.,1* 7<3,8%$K&5,7(5,%

X HO®LVSOD\HG HYHQW LQGLFDWRUV H[SRVHG RQ
WUHQFKHYV

6WUDWLJUDSKLF KRUL]JRQV DQG RU GHSRVLWYV D

X ,QFOXGHV PXOWLSOHLBBYWRWEO HDXOMHGE LGGV SO
+LJK &ROILG PDUNHU KRUL]JRQV LQFOXGLQJ VWUDWLJUDSK\ R
GHSRVLW ERXQGDULHYVY DORQIDXIOWW U® P\ W B X0 Gt
DVVRFLDWHG ZLWK IDXOWYV VXFK RBO/OXYNVXR HE MUY
IDFH

X B6XIILFLHQW GHVFULSWLRQV DQG GHWDLOV DUH I
REVHUYDWLRQ DQG LQWHUSUHWDWLRQ ZKLFK V
HYHQW

X ORGHUDMWAIO@Q\GLVSODGHGEMHWRIQWR@®@ D VLQJOH WU
WUHQFK ZDOOV DQG RU SRRUO\ SUHVHUYHG HYH
RULQ PXOWLSOH WUHQFKHYV
X 6WUDWLJIJUDSKLF KRUL]JRQV DQG RU GHSRVLWV D
ORGHUDWH &R GHILQHG

X (YLGHQFH IRU VIXQJ DNVAGII®DVOWWSUHVVHG WKDQ KL,
LOQGLFDWRUV VHH DERYH

X $OWHUQDWLYH LOQOWHUSUHWDWLRQV DUH SRVVLE
VXSSRUWHG E\ VXIILFLHQW GHVFULSWLRQV

ORGHUDWH WR SRRUO\ SFRUHWRUY HR® &Y MAMWQLRG LD

3RRUO\ GHILQHG VWUDWLJUDSKLF KRUL]JRQV GH
REVHUYDWLRQV

&RQIOLFWLQJ HYHQW LQGLFDWRUV SUHVHQW RQ

x /LNHO\ DOWHUQDWLYH LQWWILSKH HFRDWHRGV HRU X
/RZ &RQILGH QRQGHVFULSW ODQGVOLGH

&RQIOLFWLQJ HYLGHQFH GRHV QRW VXSSRUW WK
&RQIOLFWLQJ HYLGHQFH RI HYHQW LQGLFWRUYV 12
JLPLWHG GHVFULSWLRQV Rl HYHQW LQGRBEDMRHY

,QWHUSUHWDWLRQV RI HYHQW LQGLFWRUV WKDV
EXW QRW XQUHDVRQDEOH LQWHUSUHWDWLRQ T
HYLGHQFH DW WKDW VLWH

X X X X
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LCI

7TDEOH 6LWH $ 6RLO 3URILOH 3", $JHYV

% XUL

6RLC 7TUHQFEk
6LWH 1XPEF /RFDWL

3', 0OLQ 3" OD[ 8',
$JH $JH N $JH N
ND

'"HSW
FP 3', 8QLW

6+&
6LWH
6%$7
P

1 ZD¢

$ %W

% W
% W

% W
% W
% W
% W
% W

mmmmm

&E

6%$7

6 ZD! E

% W
% W

%W
% K
%W
%W
%W
& %W E

m

mmm

& E
& E

%ZE
5 %W E
5 %W E

6$7

1 ZD¢

% W
% W
% W

& %W
& E

$&E
&$E

6%$7

6 ZD! E

% W
% W

%W E
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LCI

% XUL

3', 0OLQ 3" OD[ 3',

6RLC 7TUHQFF "HSW $JH $JH N $JH N
6LWH 1XPEF /RFDWL FP 3, N D 8QLW
E %W E
%W E
%W E
E 5
6$7 $
P $
% Z
E % Z
%W E
E %W E
6%$7 $
P $
1 ZD¢ E % Z
% W E
E % W E )
637 $
P $
6 ZD! E % Z
%W E
E %W E
%W E
%W E
%W E
%W E
%W E
% & E
E & E
5
67 $
P $
6 ZD! $(
E % (
% (WE
E % W E
E %W E
%W E
E %W E
%W E
QRQF
E " %W E
5
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% XUL

3', 0OLQ 3" OD[ 3',

6RLC 7TUHQFF 'HSW $JH $JH N $JH N
6LWH 1XPEF /RFDWL FP 3', ND 8QLW
657 $

$

E % (

% (WE

E % W E

%W E
%W E
%W E
EW E
E %W E
5
657 $
P E $
1 ZD( % (WE
E % W E
% \E
%W E
E %W E
5
657 $
P $
1 zD( E % (
% (W E

E % W E

6$7 $
P E $
6 ZD! %W E
E %W E
%W E
%W E
%W E
%W E
%W E
E %W E
%W E
E 5
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7TDEOH 6LWH $ 26/ 5HVXOWYV

6DPSOH WDV 6WDV 'HSW /&, SDGLRDFWLYH ,VRWRS &RVPL 7RWDO 1XPEHL $YHUDJH THLIKW
7TUHQ :DO( 1DPH ; < P EJ 8QLW /IDE QXPE 8 7K _ 5E *CCRNVDH *li“?\|v|\3/H $£§)VL|-|I-Z;(F :S\\//E/I-HJ’SX\W[ "RVH *\ 26/ $JH ND
SSP SSP SSp

1RU\N 6%$7 26/ 6$7 26/ “ “ a a

6RXV 6%$7 26/ 6$7 26/ “ “ a a
! 6RXV 6%$7 26/ 6$7 26/ “ “ a a

6RXV 6%$7 26/ 6$7 26/ “ “ a a

6RXV 6%$7 26/ 6%7 26/ “ “ u “ “

1RU\ 6%$7 26/ 6$7 26/ “ u « “ “
! 6RXV 6%7 26/ 6$7 26/ “ “ « “ p

1RU\ 6$7 26/ 6$7 26/ “ “ “ z :
5DGLRDFWLYH LVRWRSLF FRPSRVLWLRQ GHWHUPLQHG E\ LQGHSHQGHQW ODERUDWRU\ DQDO\VLY DW $FWLYDWLRQ /DERUDWRULHYV /LPLWHG $QFDVWHU 2QWDULR
(VWLPDWHG IUDFWLRQDO GD\ ZDWHU FRQWHQW IRU ZKROH VHGLPHQW LV WDNHQ DV DQG ZLWK DQ XQFHUWDLQW\ RI * (VWLPDWHG FRQWULEXWLRQ WR GRVEH

7TRWDO GRVH UDWH IURP EHWD JDPPD DQG FRVPLF FRPSRQHQWYV %HWD DWWHQXDWLRQ IDFWRUV IRU 8 7K DQG . FRPSRVLWLRQV LQFRUSRUDWLQJ JUDLQ VL]H ID
XWLOL]JHG WR FRPSRQHQWY DWWHQXDWHG IRU PRLVWXUH FRQWHQW &RQYHUW HOHPHQWDO FRQFHQWUDWLRQV WR EHWD DQG JDPPD GRVH UDWHV IURP $GDPLH

$YHUDJH HTXLYDOHQW GRVH '( GHWHUPLQHG IURP UHSOLFDWHG VLQJOH DOLTXRW UHJHQHUDWLYH GRVH 6%5 OXUUD\ DQG :LQWOH UXQV 7KH XQFHUWDLAQ!
HLIJKWHG DYHUDJH HTXLYDOHQW GRVH '( GHWHUPLQHG IURP UHSOLFDWHG VLQJOH DOLTXRW UHJHQHUDWLYH GRVH 6%$5 O0OXUUD\ DQG :LQWOH UXQV 7KH X
S8QFHUWDLQW\ LQFRUSRUDWH DOO UDQGRP DQG VI\VWHPDWLF HUURUV LQFOXGLQJ GRVH UDWHYV HUURUV DQG XQFHUWDLQW\ IRU WKH '(

IXPLQHVFHQFH DJHVY UHODWH WR GDWXP RI $' $IJH SUHVHQWHG ZLWK QR VWDWLVWLFDO HUURU UHSUHVHQW VDWXUDWHG DJHV DQG DUH FRQVLGHUHG PLQLPF

/&, BURMHFW 1R 6HSWHPEHU



INJ

7TDEOHG6LWH $ (YHQW ,QGLFDWRUYV

TYPE OF
EVENT FAULTED UNIT EVENT RANK
EVENT  TRENCH METER INDICATOR (YOUNGEST) INDICATOR CONFIDENCE COMMENTS
$7 6 9R $8$% 8¢
$7 6 9R $ 3% % &
$7 6 %11 1& $ % %
6RPH RI WKH HYHQW LQGLF
$7 6 SWE )= &&& & o eHupw GLIHUHQW LQWHUSUHWDW
$7 1 9R $$3$ 9 ¢ ZKLFK FDXVH UDQNLQJ WR
$7 1 )LV $% % &
$7 1 % 1 EHGURF! 1& $ % %
$7 6 9R & % % %
D $7 6 9R $$$ S ¢ (YLGHQFH IRU WKLV HYHQW,
/RZ VHSD RQO\ VHHQ RQ RQH ZDOO D
D $7 6 )LV $ % % % IURP ( RQ SRRUO\ FRQVWUDLQHG
DQG , I WKLV LW UFIRW OV
D 876 $F $$88c¢ DOO SDUW RI (
$7 1 9R $% % &
$7 1 7Z $$8% 8¢
$7 1 9R & % % %
$7 1 7Z $$8% 8¢
$7 1 $F $ & % % +LJK
$7 1 7K $ % % $
$7 6 7K $$8% 8¢
$7 6 7Z % % % ¥
$7 6 9R & & & &

/&, SBURMHFW 1R
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TYPE OF
EVENT FAULTED UNIT EVENT RANK
EVENT TRENCH METER INDICATOR (YOUNGEST) INDICATOR CONFIDENCE COMMENTS
$7 6 9R $3$9% %
$7 6 $F & & & & 6HHQ RQ ERWK ZDOOV 8QF
/IRZORGHU WRLWKIYHQW RI ROGHU HYH

$7 1 9R $8$9% 8% ¢ DJDLQVW
$7 1 8WE % % % ¢
$7 1 7K % $ % $
$7 1 7Z $$9% 8% ¢
$7 1 9R & % & & ORGHUDMI
$7 6 9R $$9% 8% ¢
$7 6 7Z % % % ¢
$7 6 9R
$7 6 4
$7 1 9R /ILNHO\ LQFOXGHV PXOW
$7 1 77
$7 1 8WE % % % ¥
$7 1 &7 % % % Y
$7 6 &7 & & & %

RU $7 6 S8WE $$9% % ¢
$7 1 &7
$7 1 &VQIW
$7 1 9R )]
$7 1 8WE

/&, SBURMHFW 1R 6HSWHPEHU
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TYPE OF
EVENT FAULTED UNIT EVENT RANK
EVENT TRENCH METER INDICATOR (YOUNGEST) INDICATOR CONFIDENCE COMMENTS

$7 6 &Z
$7 6 &VQIW
$7 6 6l )]
$7 1 9R &RXOG EH UHODWHG WR
$7 6 9R ZHDWKHULQJ UDWKHU WK
$7 1 S8WE
$7 1 9R
$7 1 9R
$7 1 SWE
$7 6 SWE
$7 6 9R
$7 6 8WE
$7 6 8WE
$7 6 8WE
$7 6 9R
$7 6 9R" " "
$7 6 8WE "
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7TDEOH 6LWH % 6RLO 3URILOH 3', DJHV

% XUL
6RLC
6LWF 1XPEH
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/IRFDW

"HS W
FP

3'1

3', O0LQ 3" OoD[ 3",
$JH $IJH N $JIJH N
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8QLW
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%7 3
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6 ZD(
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% Z
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% $
% Z

%W E
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5 %W E
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"HS W
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3'1
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8QLW

6 :DC
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% XUL 3, OLQ 3" OD[ 3",
6RLC 7TUHQF 'HSW $JH $IJH N $JH N
6LWF 1XPEF /RFDW FP 3", N D 8QLW

%7 3 $
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I

7TDEOH 6LWH % 26/ 5SHVXOWYV

6DPSOH ' e 5DGLRDFWLYH ,VRWR ZRWDO 6DW XU |
7UHQ :DO P n 6V?/DV‘ GVZDV‘ |;|SE\‘/JV 8QLV Q/)(DPEE g . | 5 E &R*\<PNLDF( *E?\IVI\D/H $3OH|_L‘J|'|§(|-||Q(\Q/\/V "LVSHU '*R\VH $YH*U\DJH I.RHVLF\'JKL/\<I- 26/ $JH N
SSP SSP SSP
6RXV %7 626/ /$ “ “ ! !
6RXV %7 626/ /$ “ “ ! !
6RXV %7 626/ /$ “ “ “ “ “
6RXV %7 626/ /$ “ “ “ “ “
! 6RXV %7 E626/ /$ “ “ ! !
6RXV %7 E626/ /$ “ “ “ “ “
6RXV %7 E626/ /'$ “ “ “ “ “
6RXV %7 E626/ /'$ “ “ ! !
6RXV %7 626/ /'$ “ “ ! !
6RXV %7 626/ /'$ “ “ ! !
6RXV %7 626/ /'$ “ “ ! !
6RXV %7 626/ /$ “ “ “ « “
! 6RXV %7 626/ /$ “ “ ! !
1RU\ %7 126/ /$ “ “ “ “ “
1RU\ %7 126/ /$ “ “ “ “ “

5DGLRDFWLYH LVRWRSLF FRPSRVLWLRQ GHWHUPLQHG E\ LQGHSHQGHQW ODERUDWRU\ DQDO\VLY DW $FWLYDWLRQ /DERUDWRULHY /LPLWHG $QFDVWHU 2QWDULR
(VWLPDWHG IUDFWLRQDO GD\ ZDWHU FRQWHQW IRU ZKROH VHGLPHQW LV WDNHQ DV DQG ZLWK DQ XQFHUWDLQW\ RI * (VWLPDWHG FRQWULEXWLRQ WR GRVH
7TRWDO GRVH UDWH IURP EHWD JDPPD DQG FRVPLF FRPSRQHQWYV %HWD DWWHQXDWLRQ IDFWRUV IRU 8 7K DQG . FRPSRVLWLRQV LQFRUSRUDWLQJ JUDLQ VL]H ID
XWLOL]HG WR FRPSRQHQWY DWWHQXDWHG IRU PRLVWXUH FRQWHQW &RQYHUW HOHPHQWDO FRQFHQWUDWLRQV WR EHWD DQG JDPPD GRVH UDWHV IURP $GDPLH

$YHUDJH HTXLYDOHQW GRVH '( GHWHUPLQHG IURP UHSOLFDWHG VLQJOH DOLTXRW UHJHQHUDWLYH GRVH 6%$5 0XUUD\ DQG :LQWOH UXQV 7KH XQFHUWDLQ!
HLJKWHG DYHUDJH HTXLYDOHQW GRVH '( GHWHUPLQHG IURP UHSOLFDWHG VLQJOH DOLTXRW UHJHQHUDWLYH GRVH 6%$5 O0OXUUD\ DQG :LQWOH UXQV 7KH X
8QFHUWDLQW\ LQFRUSRUDWH DOO UDQGRP DQG VA\VWHPDWLF HUURUV LQFOXGLQJ GRVH UDWHYV HUURUYV DQG XQFHUWDLQW\ IRU WKH '(

IXPLQHVFHQFH DJHVY UHODWH WR GDWXP RI $' $IJH SUHVHQWHG ZLWK QR VWDWLVWLFDO HUURU UHSUHVHQW VDWXUDWHG DJHV DQG DUH FRQVLGHUHG PLQLF

/&, BURMHFW 1R 6HSWHPEHU



LCI

7TDEOH 6LWH%BHVXOWYV

Trench  Sample Name Wall Sta)t(lon Sta\t(lon LCI Unit # Lab ID fraction Modern ! /“e A2 Lab MEQA‘QG S:I”S:aée.gp‘gei .
%7 E5& 6 RXW QR FKDUFRDO
; %7 E5& 6RXW “ ’ )
LCIS‘ %7 E5& 6 RXW “ “ “
T %7 E5& 6RXW “ “ “
l:\) %7 E5& 6 RXW “ “ “
%7 E5& 6 RXW “ “ “
%7 5& 1IRUW “ “ “
X %7 5& 6 RXW “ “ “
g %7 5& 6 RXW “ “ “
g %7 5& 1RUW “ “ “
= %7 5& 1RUW “ “ ORGHUQ

5DGLRFDUERQ FRQFHOQWUDWLRQV DUH JLYHQ DV IUDFWLRQV RI WKH ORGHUQ VWDQGDUG ' & DQG FRQYHQWLRQDO UDGLRFDUERQ DJH
SUHSDUDWLRQ EDFNJURXQGY KDYH EHHQ VXEWUDFWHG EDVHG RQ PHDVXUHPHQWYV RI
$00 UHVXOWY KDYH EHHQ FRUUHFWHG IRU LVRWRSLF IUDFWLRQDWLRQ DFFRUGLQJ WR WKH FRQYHQWLRQV RI 6WXLYHU DQG 3RODFK
GLIIHU IURP G & RI WKH RULJLQDO PDWHULDO DQG DUH QRW VKRZQ
7TKHVH VDPSOHV ZHUH WUHDWHG ZLWK DFLG EDVH DFLG
6DPSOHYV &DOLEUDWHG XVLQJ 2[&DO Y %URQN 5DPVH\

& ITUHH ZRRG

IROORZLQJ W

ZLWK G &

1 +&0 DQG 1 1D2+ f& SULRU WR FRPEXVWLRQ 6DPSOH ODEHOHG ORGHUQ FRQWDLQ HI[F

ZLWK WZR VWDQGDUG GHYLDWLRQ HUURU

/&, BURMHFW 1R

6HSWHPEHU



LCI

7TDEOH &RPSDULVRQ %HWZHMH@G626V H oV X OW V

Ci14 OoSL
Units Descriptions
Sample Unit Date Sample Unit Date (ka)
%7 5& EDVH FDO \U ¢ %7 626/ a N D
%7 5& E DN FDO \U ! %7 626/ ORZHU N D
%7 5& ORZ PRGHUQ %7 126/ ORZ N D
%7 5& EDVH FDO \U !
*UDYHO &KD %7 E5& FDO \U ! %7 E626/ N D
%7 E5& WRS FDO \U ! %7 E626/ PLG a ND
$O00OXYLDO &
%7 E5& PLG FDO \U !
%7 5& FDO \U ! %7 626/ ! ND
%7 E5& ORZHU FDO \U %7 626/ ! ND
&ORZQ C% E5& PLG FDO \U %7 126/ " N D
%7 E626/ ORZHU ! N D
c %7 626/ EDVLI ! ND
(O &DMHWH - N D N D ND ND ND ND
8SSHU %7 +R 12 $*(6
&ROOXYLDO %7 626/ N D
12 $*(6
%7 626/ PLG ! ND
%7 626/ PLG ! ND
%7 E626/ ! ND
*UDYHO RQ WI %7 626/ ! N D
%LJ 5HG -U 12 $*(6
12 $*(6
12 $*(6
12 $*(6

%DQGHOLH

/&, BURMHFW 1R

6HSWHPEHU



INJ

7TDEOH 6LWH % (YHQW ,QGLFDWRUV

TYPE OF
EVENT FAULTED UNIT EVENT RANK
EVENT TRENCH METER INDICATOR (YOUNGEST) INDICATOR CONFIDENCE COMMENTS

%71 9R $$3$3$%

%71 $F $3$593$3$$ +LJK

%71 8WD & & & & &

%71 8WE & & & & &

E %71 9R & & & % ¢ IRZ &RQWHUV 8QLW DV EHL

%71 6KHDU EI & & & % ¢

%76 9R $$3$3$%

%76 8WE $3$3$3$%

%76 9R $$$%8

%76 8WE % % % &

%76 9R $$$%8

%76 9R $$$%8

%76 8WD $$9% %9

%71 9R $3 % %! vLIK

%71 9R $$$$8%

%71 8WD $$9% %9

%71 9R 1& % % %

%71 9R 18& % % & IRZ 6HSDUDWH HY HQWWD MWQ\E RR
%71 9R 1& 1& 1& &

/&, SBURMHFW 1R

6HSWHPEHU



INJ

TYPE OF
EVENT FAULTED UNIT EVENT RANK
EVENT TRENCH METER INDICATOR (YOUNGEST) INDICATOR CONFIDENCE COMMENTS

%71 9R
%71 S8WE
%71 YLV
%71 S8WE
%76 9RG +LJK
%76 &Z
%76 8WD
%71 9RG
%71 9R
%76 9RG
%76 9R
%76 9R
%76 8WE
%76 9RG
%71 9RG
%71 9R
%71 9RG
%71 &7
%76 &7
%71 9R
%71 9RG
%71 $F

/&, SBURMHFW 1R 6HSWHPEHU



INJ

TYPE OF
EVENT FAULTED UNIT EVENT RANK
EVENT TRENCH METER INDICATOR (YOUNGEST) INDICATOR CONFIDENCE COMMENTS

%71 WD
%76 9R
%76 9RG
%71 9RG
%71 9R
%71 8WD
%76 9RG
%76 9R
%76 8WD
%76 8WE
%76 6l
%71 YLV
%71 9RG
%71 SWE
%71 61
%71 9RG
%71 9R
%76 61
%76 9R
%76 &VQ)W
%76 9RG
%71 S8WE

/&, SBURMHFW 1R

6HSWHPEHU




INJ

TYPE OF
EVENT FAULTED UNIT EVENT RANK
EVENT TRENCH METER INDICATOR (YOUNGEST) INDICATOR CONFIDENCE COMMENTS

%71 WD

%76 6l

%76 8WE

%71 6l

%71 9R

%71 $F

%76 6l

%76 9R

/&, SBURMHFW 1R 6HSWHPEHU



LCI

7TDEOH 6LWH & 6RLO 3URILOH 3',

$IHV

% XUL
6RLC 7TUHQF
6LWF 1XPEF /RFDW

"HS W
FP

3'1

3', 0LQ 3" OD[ 3",
$IJH $IHND $IHND
N D

8QLW

6+&
6LWE

&7 3 $
P $

&7 3 $

mmmim m m|mm

/&, SBURMHFW 1R

6HSWHPEHU




LCI

% XUL

6RLC 7TUHQF
6LWF 1XPEF /RFDW

"HSW
FP

3'1

3', 0LQ 3" OD[ 3",
$IJH $IJHND $IHND
N D

8QLW

E

& E

&7 3
P

$
$
% Z
% Z

% &
% W
% W
% W

% W
% W
% W
% W

m m m mimimm

&7 3

$ %
% $
%W
%W
%W

% W
% W

% W
% W
% W
% W
% W

mmmimm|mm

%W E
%W E
&% E

&7 3

% $
%z
% Z

%z
% W
% W
% W
% W
% W

%V

m

mmmm

/&, SBURMHFW 1R

6HSWHPEHU




LCI

% XUL 3', 0LQ 3" OD[ 3",
6RLC TUHQF 'HSW $JH $IJHND $IHND
6LWF 1XPEF /RFDW FP 3°', N D 8QLW

%W E
% &E
&% E
E &% E

5

&7 3 $
P $
E % Z

% W
% W
E % W

% W
% W
% W
E % & E

m m mjm mm

&7 3 $

1 ZD( % $
% Z
% Z

m

E %W E

&7 3 $

6 ZDI % $
% Z

% Z

E % Z

%W 5
E %W 5

/&, SBURMHFW 1R 6HSWHPEHU



I

7TDEOH 6LWH & 26/ 5SHVXOWYV

Dp N ' } 5DGLRDFWLYH ,VRWR ZRWDO 6DW XU ‘
7UHQ :DO« 61DPSHO GV?/DV* GVZDV F|>-|SE\‘/JV 83;_\/ Q/XDPEE o K | cE &R*\<PNLDF ( *l\J?\IVI\DIH $3OHLL‘J|'|§(|-I|?(\2NV "LVSHU ‘T\VH $YH*U\DJH ':RHVLHJKX\(F 26/ $JH N
SSP SSP SSp
6RXV &7 626/ /$ u u P P P
7 6RXV &7 626/ /$ u u p p u
1RUN &7 126/ /% u L ! |
6RXV &7 626/ /$ u L p « «
6RXV &7 626/ /$ u L p p «
! 6RXV &7 626/ /$ u L p p u
6RXV &7 626/ /$ u u « p “
5DGLRDFWLYH LVRWRSLF FRPSRVLWLRQ GHWHUPLQHG E\ LQGHSHQGHQW ODERUDWRU\ DQDO\VLVY DW $FWLYDWLRQ /DERUDWRULHYV /LPLWHG $QFDVWHU 2QWDULR
(VWLPDWHG IUDFWLRQDO GD\ ZDWHU FRQWHQW IRU ZKROH VHGLPHQW LV WDNHQ DV DQG ZLWK DQ XQFHUWDLQW\ RI *“ (VWLPDWHG FRQWULEXWLRQ WR GRVFH

7RWDO GRVH UDWH IURP EHWD JDPPD DQG FRVPLF FRPSRQHQWVY %HWD DWWHQXDWLRQ IDFWRUV IRU 8 7K DQG . FRPSRVLWLRQV LQFRUSRUDWLQJ JUDLQ VL]H ID
XWLOL]JHG WR FRPSRQHQWY DWWHQXDWHG IRU PRLVWXUH FRQWHQW &RQYHUW HOHPHQWDO FRQFHQWUDWLRQV WR EHWD DQG JDPPD GRVH UDWHV IURP $GDPLH
$YHUDJH HTXLYDOHQW GRVH '( GHWHUPLQHG IURP UHSOLFDWHG VLQJOH DOLTXRW UHJHQHUDWLYH GRVH 6$5 OXUUD\ DQG :LQWOH UXQV 7KH XQFHUWDLQ!
‘HLJKWHG DYHUDJH HTXLYDOHQW GRVH '( GHWXRWLQHIHQUHUPD WH S ELERWH G ¥i QUOHUDODQG :LQWOH UXQV 7KH XQFHUWDLQW\ LV WKH VWDQGDUG HUURU DG
8QFHUWDLQW\ LQFRUSRUDWH DOO UDQGRP DQG VI\VWHPDWLF HUURUV LQFOXGLQJ GRVH UDWHV HUURUV DQG XQFHUWDLQW\ IRU WKH '(

IXPLQHVFHQFH DJHV UHODWH WR GDWXP RI $' $JH SUHVHQWHG ZLWK QR VWDWLVWLFDO HUURU UHSUHVHQW VDWXUDWHG DJHV DQG DUH FRQVLGHUHG PLQLFP

/&, BURMHFW 1R 6HSWHPEHU



LCI

7TDEOH 6LWH&5HVXOWYV
Trench ~ Sample Name Wall Sta)t(lon Sta\t(lon LCI Unit # Lab ID fraction Modern * e A2 Lab 14?56‘ ge (é:llisrraée.g.Age;
&7 5& IRUW “ “ “ !
9 &7 5& 6RXW " . “
L &7 5& 6 RXW “ “ “
g &7 5& 6 RXW “ “ “
r:\) &7 5& 6 RXW “ “ “
&7 5& 6 RXW “ “ “
&7 5& 6 RXW “ “ “
b &7 5& 6 RXW “ “ “
g &7 5& 6 RXW “ “ “
g &7 5& 6 RXW “ “ “
" &7 5& 6 RXW “ “ “

5DGLRFDUERQ FRQFHQWUDWLRQV DUH JLYHQ DV IUDFWLRQV RI

SUHSDUDWLRQ EDFNJURXQGYVY KDYH EHHQ VXEWUDFWHG EDVHG RQ PHDVXUHPHQWYV RI & IUHH ZRRG
$00 UHVXOWYVY KDYH EHHQ FRUUHFWHG IRU LVRWRSLF IUDFWLRQDWLRQ DFFRUGLQJ WR WKH FRQYHQWLRQV RI 6WXLYHU DQG 3RODFK
IURP G & RI WKH RULJLQDO PDWHULDO DQG DUH QRW VKRZQ
7TKHVH VDPSOHV ZHUH WUHDWHG ZLWK DFLG EDVH DFLG
6DPSOHYV &DOLEUDWHG XVLQJ 2[&DO Y %URQN 5DPVH\

WKH ORGHUQ VWDQGDUG ' & DQG FRQYHQWLRQDO UDGLRFDUERQ DJH

IROORZLQJ \

ZLWK G &

1 +&0 DQG 1 1D2+ f& SULRU WR FRPEXVWLRQ 6DPSOH ODEHOHG ORGHUQ FRQWDLQ HI[F

ZLWK WZR VWDQGDUG GHYLDWLRQ HUURU

/&, BURMHFW 1R

6HSWHPEHU



LCI

7TDEOH &RPSDULVRQ %HWZHDHQG62NHKEVXOWYV

Cil4 OSL
UNITS DESCRIPTIONS
6$03/( 81,7 "$7¢ 6$03/( 81,7 "$7( ND
ORGHU®R®L]F
&7 5& FDO \U % &7 26/ N D
&7 5& FDO \U % &7 626/ ND
+RORFHQH FR
&7 5& FDO \U %
&7 5& ORZHU FDO \U %
&7 5& EDVH FDO \U !
&ROQXP
&7 5& EDVH FDO \U !
/IDWHVW 30H]
DOOXYLXEF
&7 5& FDO \U %
/IDWH 30HLV' &7 5& " ! FDO% LB
FROOXYLX &7 5& EDO \U !
&7 5& FDO \U !
30HLVWRFHQFH
ILQH
&7 626/ N D
30HL\1\|{VQR|_||:HQP &7 26/ N D
&7 26/ N D
SORLY IR, &7 626/ N D
(O &DMHWH . N D N D N D N D N D N D
B3OHLVWRFHQEF
S3OHLVWRFHI
|
JUDLQHG FR! &7 126/ N D
%WRXOGHU FR
20G ERXOGHU &7 5& FD\W %

%DQGHOLHU

/&, BURMHFW 1R

6HSWHPEHU



INJ

7TDEOH 6LWKYHQW ,QGLFDWRUYV

TYPE OF EVENT FAULTED UNIT EVENT RANK
EVENT TRENCH METER INDICATOR (YOUNGEST) INDICATOR CONFIDENCE COMMENTS
&7 6 9R $$3$3$83
)DXOWLQJ FDQ RQO\ EH WUI
&7 6 9R DQG PDSSHG IUDFWXUH
HURGHGAQDBHH
&7 6 7K OL[LQJ RRYWL]IRQ DQG GHJU
VFDUS WR IRUP WKLV
&7 6 %11 $ % % & +LJK )DXOWLQJ IRUP VI DHGIHIIOUHA
&7 1 9R $ % % %
&7 1 61 $$3$3$8
&7 6 9RG $$$9% 2YHUDOO RIIVHW RI
20GHU WKDQ ND EXW \RX(
0 0, ) 0,
&76 9R % % % % +LIK RITVHWY JLYHQ % UI
&7 6 9R & & & & §
&7 1 9RG % % % ¥
&7 6 9R $$$$S
&7 6 9R6/ & & & & &
&7 6 61 $$$$S
&7 6 WR 9R & & & & & +LJK (YHQW LQ 7
&7 1 9R % % % $
&7 1 6/ & & & & &
&7 1 61 $$$$S

/&, SBURMHFW 1R

6HSWHPEHU




INJ

TYPE OF EVENT FAULTED UNIT EVENT RANK
EVENT TRENCH METER INDICATOR (YOUNGEST) INDICATOR CONFIDENCE COMMENTS
&7 6 9R
&7 6 )LV
&7 6 8WE
&7 1 9R & & & &
&7 6 9R $3$53%$%% (O &DMHWH IDXOWH
&7 1 0OXOoVv 9R % % % % $VVXPH VLPLODU WR V
&7 6 8WD
&7 6 9R
&7 6 8WD
&7 1 8WD
&7 1 SWE
&7 1 8WD
&7 1 9RG N D
&7 1 9R % % % %
&7 1 XWE $$ 3% %
&7 6 9R
&7 6 $F
&7 6 SWE
&7 1 S8WE
&7 1 9R
&7 1 $F

/&, SBURMHFW 1R

6HSWHPEHU



INJ

TYPE OF EVENT FAULTED UNIT EVENT RANK

EVENT TRENCH METER INDICATOR (YOUNGEST) INDICATOR CONFIDENCE COMMENTS

&7 6 &Z

&7 6 9R

&7 6 6l

&7 6 $F

&7 1 9R

&7 1 6l

&7 1 $F

&7 6 6l

&7 6 9R

&7 6 8WE

&7 6 9R

&7 6 6l

&7 6 $F

&7 1 1%

&7 6 9R

&7 6 6l )=

&7 1 9R

&7 1 WR SWE

&7 1 YLV

/&, SBURMHFW 1R

6HSWHPEHU




LCI

7TDEOH5H(YDOXDWLRQ RI :RQJ HW DO (YHQW &KURQRORJ\ IRU
6LWH 4XDOLWDWL&RIQIYBEW (YHQW
5DQNLQJ
+LJK (
+LJK (
+LJK (
ORGHUDWH (
D +LJK (
(2& ORGHUDWH (
ORGHUDWH (
ORGHUDWH (
&DEUD &DQ\ +LJK (
&KXSDGHURYV ¢ ORGHUDWH (
*XDMH 3LQH +LJK (
7DEOH OLVWV WKH TXDOLWDWLYH FRQILGHQFH UDQNLQJ FL

FRQILGHQFH DW HDFK VLWH ZKLFK LV RQO\ D TXDOLWDWLYH N\
LQIRUPDWLRQ IRU HDFK HYHQW LV FOHDU &RQVXOW :RQJ HW
SUHVHQWHG LQ 7DEOH IRU D I XJGHOY O DKW VRH G DVQSADW WORE V L
WKLV VWXG\ $00 VLWHV DQG HYHQWYV VKRZQ RQ 7DEOH WK
FRQVLGHUHG ORZ FRQILGHQFH

/&, SBURMHFW 1R 6HSWHPEHU



INJ

7TDEOH 6XPPDU\ 2[&DO ORGHO 5HVXOWYV IRU WKH 05( IRU 6HOHFW 3UHYLRXVO\ ,QY
WKH 3IDMDULWR DQG *XDMH ORXQWDLQ IDXOWYV

Ox@l Model estimates (cal yr B.P.)
Site Reference Mean age Sigma 95.4% confidence lim#*
(2& 5HQHDX HW DO RU
6LWHD OF&DOSLQ
&DEUD &DC *DUGQHU HW D
&KXSDWHU *DUGQHU HW D 13 13
6HH $SSHQGL[ PPRGRARY UHVXOWYV
&DOHQGDU GDWH RI ZDV DVVLJQHG DV PLQLPXP FRQVWUDLQW RQ HYHQW DJH

(2& VLWH KDV WZR LQWHUSUHWDWLRQV IRU WKH 05( VHH WH[W IRU IXUWKHU GLVFXVVLRQ

/&, SBURMHFW 1R 6HSWHPEHU



INJ

7TDEOH6XPPDU\ 7TDEOH RI 6LWHV $ & (YHQW &KURQRORJ\

6LWH $ 6LWH % 6MWH &
)DXOWV W
+LJK &RQIL )YDXOWV Wi +LJERQILGH( )DXOWV +LJK &RQILGH( Rl 8QLW
( N D RI 8QLW F D O%BU RI 8QLW FDO%3J JHQHUDW
ORGHUDBIW